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I.  INTRODUCTION 


I.  Background 

a.  SQUARE  DEAL 

(U)  The  SQUARE  DEAL  Exercise  was  conducted  15  July  to  15  September 

1973*  Involved  were  research  vessels,  plus  aircraft,  for  acoustic  source 
deployment  and  surveillance  of  surface  shipping.  The  exercise  area,  and 
the  separate  Phases,  I,  II,  and  III,  of  the  exercise  are  indicated  in 
Rig.  1-1.  More  detailed  maps  are  provided  in  the  following  chapters 
dealing  with  individual  phases.  The  exercise  was  devoted  to  acquiring 
environmental,  ambient  noise,  and  acoustic  propagation  information.  The 
acoustic  sources  for  the  propagation  measurements  included  explosives 
(SUS  and  SCARF  charges),  PAE  guns,  and  towed  cw  sources.  This  report 
deals  with  the  acoustic  propagation  from  the  explosive  SUS  charges. 

(U)  The  SUS  data  were  acquired  at  approximately  12  receiver  locations; 

some  locations  were  occupied  at  two  separate  times.  There  were  approxi- 
mately 50  SUS  source  events  in  which  the  charges  were  deployed  from  ships 
or  aircraft.  These  source  tracks  were  along  great  circle  arcs  of  lengths 
from  ICO  nm  to  2000  rm.  The  source  spacings  ranged  from  0.23  nm  for  only 
two  short  run3  to  approximately  5-0  nm  for  aircraft  runs;  on  the  major  ship 
tracks,  sources  at  both  51  m and  l8  m uepth  were  spaced  1.0  nm  apart.  For 
each  source  explosion,  receivers  at  2 to  6 locations  recorded  the  resulting 
signal.  Many  of  tnese  recordings  have  been  analyzed  to  determine  the 
propagation  loss  in  frequency  bands,  and  it  is  these  analyses  which  are 
reported  here.  Most  of  the  recordings  are  available  for  additional  deter- 
minations of  propagation  loss  and  for  more  detailed  research  on  different 
features  of  propagation  in  the  area. 
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(u)  In  accordance  with  the  data  analysis  planning,  propagation  loss 

measures ;s  from  the  SUS  recordings  have  been  forwarded  to  users.  This 

reporting  was  in  the  form  of  computer  generated  plots  and/or  digital  com- 
puter tapes.  The  scale  used  most  often  on  the  plots  was  100  nm/in.  abscissa 
and  10  dB/in.  ordinate.  Because  of  the  large  number  of  plots  which  are  in 
this  report,  the  plots  included  here  are  reduced  in  size.  The  computer 
retrievable  records  of  propagation  loss  measurements  have  been  archived 
and  are  available  to  qualified  users. 

(u)  This  report  has  two  primary  purposes.  First,  this  report  provides 

a survey  of  the  SUS  propagation  measurements.  Second,  this  report  analyzes 
those  features  of  acoustic  propagation  in  the  SQUARE  DEAL  area  that  may  be 
discerned  from  the  SUS  data  and  relates  these  features  where  possible  to 
known  environmental  factors.  In  regard  to  the  first  goal,  the  data  pre- 
sented here  do  not  exhaust  the  pool  of  available  plots,  but  rather  serve 
as  a guide  to  the  availability  and  characteristics  of  the  data  for  particular 
receiver  sites  and  source  runs.  In  regard  to  the  second  goal,  the  best 
assessment  of  the  acoustics  of  the  area  cannot  be  made  from  the  SUS  propa- 
gation loss  measurements  alone:  there  is  very  little  SUS  data  within  100 

to  200  nm  of  the  receivers  (see  section  I.l.c),  and  the  SUS  runs  with  a 
high  density  of  shots  were  only  along  the  axes  of  the  three  major  troughs  or 
basins.  The  information  contained  in  the  reports  discussed  below  is  needed 
to  form  a more  complete  picture  of  the  area's  acoustics. 

b.  Related  Reports 

(u)  Details  of  the  planning,  the  objectives,  and  the  participants  in 

the  exercise  may  be  found  in  Ref.  1 (SQUARE  DEAL  Exercise  Plan).  A 
postexercise  survey  of  the  data  actually  acquired,  and  selection  and 
scheduling  for  the  analysis  of  some  of  the  recordings  is  given  in  Refs.  2 
and  5 (Data  Analysis  Plan).  Details  of  the  recording  devices  and  the 
signal  processing  systems  employed  are  found  in  Refs.  1 and  3«  A summary 
of  the  exercise  operation,  and  some  preliminary  environmental  and  acoustic 
data  are  given  by  Ref.  4 (Synopsis  Report). 
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A quality  assessment  effort  vas  undertaken  to  verify  the  quality 
of  the  SUS  processing;  the  results  of  this  study  are  reported  in  Ref.  5 
(Diagnostic  Plan).  There,  it  was  determined  that,  with  responsible  care, 
the  error  introduced  in  the  propagation  loss  measurement  by  the  playback 
and  analysis  of  the  recorded  signals  is  1.0  clB  or  less.  It  should  be  noted 
that  Ref.  4 mentioned  an  uncertainty  at  that  time  as  to  the  reliability  of 
the  ACODAC  processing.  Reference  5 concluded  that  the  ACODAC  processing 
was  of  good  quality.  In  addition  to  the  quality  assessment.  Ref.  5 
provided  an  analysis  of  the  acoustical  properties  of  the  oce^r;  bottom  in 
the  vicinity  of  SITES  1C  and  1A  (Fig.  II- 1 of  the  present  report). 

There  are  several  reports  dealing  with  specific  aspects  of  the 
SQUARE  DEAL  exercise  which  were  prepared  by  single  organizations,  but  which 
had  received  inputs  of  processed  data  from  several  facilities;  this  report 
is  one  of  that  series.  The  cw  propagation  loss  report.  Ref.  6,  should  be 
read  with  the  present  report  to  obtain  a more  complete  picture  of  acoustic 
propagation  in  the  area.  The  environmental  oceanographic  measurements  are 
reported  and  analyzed  in  Ref.  7,  whereas  the  measurements  of  ambient  noise 
and  noise  directionality  are  analyzed  in  Ref.  8.  A study  of  the  SQUARE 
DEAL  area  based  on’ theoretical  acoustic  propagation  models,  and  a comparison 
of  the  models  with  measured  data,  is  given  in  Ref.  9-  Reference  10  Is  one 
report  of  the  British  activity  during  SQUARE  DEAL. 

An  acoustic  survey  of  the  SQUARE  DEAL  area,  based  upon  contributions 
from  the  organizations  which  analyzed  the  Individual  aspects  of  the  environ- 
ment, the  acoustic  measurements,  and  'the  modeling,  is  provided  by  Ref.  11 
(Environmental  Acoustic  Summary). 

The  question  of  the  determination  of  the  best  source  levels  to  use 
for  the  SUS  sources  arose  during  the  analysis  of  SQUARE  DEAL  data.  As  noted 
in  the  following  subsection,  two  sets  of  source  level  estimates  were  used 
to  reduce  the  data  reported  in  the  current  report.  Reference  12  surveys  the 
problem,  which  came  into  focus  when  a comparatively  recently  acquired  set 
of  measurements  of  source  levels  differed  significantly  from  previous 
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(u)  estimates.  However,  as  reported  in  Ref.  13,  this  disparity  has  in  large 
part  been  explained  (as  far  as  most  of  the  frequencies  considered  in  the 
present  report  are  concerned)  by  the  discovery  of  a 3 error  in  the  more 
recent  measurements. 

c.  Sources,  Receivers,  Data  Processing 

(U)  During  each  of  the  three  phases  of  the  SQUARE  DEAL  exercise, 

propagation  loss  to  various  receivers  from  1.8  lb  SUS  explosive  sources  was 
measured.  The  two  source  deptha  used  are  l8  m and  91  ® (nominal  depth  of 
detonation).  These  sources  were  deployed  from  a ship  traveling  on  a 
primary  source  track  along  the  main  axis  of  a trough  or  basin;  additional 
SUS  deployment  tracks,  radial  to  one  of  the  receiver  sites,  were  flown  by 
aircraft  during  each  phase. 

(u)  Receivers  included  acoustic  data  capsules  (ACODAC),  SURVEY 

arrays,  ambient  noise  buoys  (ANB) , and  moored  acoustic  buoy  systems 
(MABS  II);  specifications  for  these  systems  are  given  In  Ref.  3.  The 
location  of  individual  receivers  and  source  tracks  are  described  separately 
for  each  phase  of  the  exercise  in  the  respective  chapters,  and  shown  in 
Figs.  II- 1,  III-l,  and  IV-1.  Fig.  1-1  shows  the  locations  on  a large 
scale  map.  The  ACODAC  receivers  were  located  in  the  center  of  troughs  or 
basins,  on  the  primary  (ship)  source  track,  with  at  least  ^400  m of  depth 
excess  at  the  site  (though  some  hydrophones  were  below  the  critical  depth). 
Most  of  the  SURVEY,  ANB,  and  MABS  sites  were  atop  or  on  the  slopes  of 
ridges  or  banks  surrounding  the  troughs  and  basins,  but  were  usually  within 
20  nm  of  the  open  water  where  there  was  depth  excess. 

(u)  The  signal  processing  of  the  SUS  propagation  loss  data  reported 

here  was  performed  by  several  organizations.  As  a minor,  though  visible, 
consequence,  there  are  several  plotting  formats  for  the  propagation  loss 
data  in  this  report.  More  detailed  descriptions  of  the  data  signal 
processing  are  found  in  Ref.  3 (Vol.  II,  Data  Analysis  Plan).  Some 
features  of  the  different  systems  are  given  below.  Except  for  the  SURVEY 
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(u)  data  processed  on  board  the  receiving  ships,  all  processing  was  done  in 
a laboratory  using  magnetic  tape  recordings. 

(U)  The  ACODAC  data  were  processed  at  the  Applied  Research  Laboratories 

of  The  University  of  Texas  at  Austin  (ARL) . The  ARL  system  employs  digital 
conversion  of  the  ACODAC  recordings  (300  Hz  bandwidth),  followed  by  com- 
puterized techniques  for  detection  and  spectral  analysis  of  the  shot 
signals.  The  length  of  the  transformed  (FFT)  signal  segment  was  up  to 
6.83  sec;  the  actual  shot  length  was  determined  by  a computer  algorithm. 

If  shot  lengths  exceeded  6.83  sec,  successive  spectra  were  accumulated. 

The  amount  of  energy  in  frequency  bands  was  determined  by  summing  the  power 
spectra  over  suitable  windows. 

(u)  Propagation  loss  for  the  ACODAC  data  was  determined  in  one  octave 

bands  at  12.5,  25,  and  50  Hz  and  in  one-third  octave  bands  at  12.5,  25,  50, 
100,  158,  200,  and  250  Hz.  The  12.5  Hz  band  data  are  of  questionable  value 
because  of  calibration  and  system  bandwidth  problems.  However,  the  measure- 
ments in  all  of  the  above  bands  are  archived.  In  accordance  with  the  data 
analysis  plan  (Ref.  2),  plots  of  propagation  loss  at  25  Hz  (one  octave), 

50  Hz  (one  octave),  and  158  Hz  were  prepared  and  forwarded  to  users.  Prom 
that  body  of  plots  the  data  presented  in  the  current  report  was  selected. 

(U)  The  source  levels  of  the  SUS  sources  which  were  used  to  reduce 

the  ACODAC  data  are  those  determined  by  Gaspin  and  Shuler  (Ref.  l4)j  these 
levelB  are  given  here  in  Table  1-1.  A discussion  of  these  source  levels 
is  given  in  Refs.  12  and  13,  which  were  mentioned  in  section  I.l.b,  above. 

The  source  levels  of  Table  1-1  were  used  to  process  the  ANB  and  MABS  II 
data  also. 

(u)  Ifce  ANB  data  were  processed  at  Naval  Research  Laboratory, 

Washington,  D.C.  (NRL).  The  NRL  system  employs  digital  conversion  of  the 
ANB  recordings,  followed  by  FIT  conversion  of  the  signal  in  1.0  sec  blocks. 
Upon  detection,  successive  spectrum  blocks  (the  number  depending  upon  signal 
duration)  are  accumulated.  The  ANB  data  were  reduced  to  propagation  lose 
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TABLE  1-1 

SUS  SOURCE  LEVELS  FOR  ACODAC,  ANB,  AND  MABS  II  PROCESSING 


Frequency 
One-Third  Octave 

18  m SUS 
Bands 

91  m SUS 

25  Hz 

60.0  dB 

6O.7  dB 

50 

54.9 

55.7 

100 

53-7 

53.3 

160 

50.3 

51.5 

250 

48.6 

49.1 

One  Octave  Bands 

25  Hz 

58.6  dB 

59.9  dB 

50 

55.8 

55.6 

Levels  are  dB//l  erg/cm2/Hz  at  1 yd.  (Ref.  l4) 


UNCLASSIFIED 


UNCLASSIFIED 


(u)  in  one  octave  bands  at  25  and  50  Hz,  and  one-third  octave  bands  at  100, 

160,  and  256  Hz.  The  source  levels  used  for  the  processing  are  given 
in  Table  1-1. 

(U)  The  MABS  II  data  were  processed  by  the  Naval  Underwater  Systems 

Center,  New  London,  Connecticut  (NUSC).  In  this  system,  the  MABS  II 
recordings  were  reproduced  into  a bank  of  analog  filters  which  performed 
the  spectral  analysis  function;  the  outputs  of  the  filters  were  then 
converted  to  digital  form  and  the  signal  energy  was  determined.  The 
MABS  II  data  were  reduced  to  propagation  loss  in  one  octave  bands  at 
25  Hz  and  50  Hz  and  in  one-third  octave  bands  at  160  Hz.  The  source 
levels  used  are  given  in  Table  1-1. 

(U)  Most  of  the  SURVEY  data  were  processed  on  board  the  receiving 

platforms  oy  Western  Electric  Company,  Winston-Salem,  North  Carolina  (WE00); 
this  system  operated  on-line,  as  the  signals  were  received.  In  the  WECO 
system,  the  signal  is  played  through  an  analog  filter  bank,  then  through 
analog  squaring  and  integrating  circuitry.  The  outputs  of  the  integrations 
are  recorded  on  moving-pen  strip  chart  recorders  and  are  also  monitored  by 
an  onboard  computer  which  measures  the  signal  energy  in  each  analysis  band. 
Some  of  the  SURVEY  data  were  subsequently  reprocessed  (from  analog 
recordings)  and/or  reformatted  at  NRL. 

(u)  The  frequency  bands  and  the  source  levels  used  to  analyze  the 

SURVEY  data  differ  from  those  used  for  tne  other  systems.  On  board 
USNS  ALBERT  J.  MYER  (T-ARC  6)  the  analysis  was  in  one-quarter  octave  bands 
at  50,  100,  and  l4l  Hz.  On  board  USNS  NEPTUNE  (T-ARC  2)  the  analysis  was 
in  one-quarter  octave  bands  at  either  the  same  three  frequencies,  or  at 
50,  l4l,  and  J00  Hz. 

(U)  Source  levels  which  were  used  to  reduce  the  SURVEY  array  data  to 

propagation  loss  are  given  by  Table  1-2,  which  is  from  Table  V-4  of  Ref.  4. 
As  may  be  seen,  the  levels  in  Table  1-2  are  lower  than  those  of  Table  1-1. 
Hovever,  the  SURVEY  propagation  loss  plots  were  made  at  sea  and,  except 
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'CABLE  1-2 

SUS  SOURCE  LEVELS  FOR  SURVEY  PROCESSING 

Frequency  l8  m SUS  91  m SUS 

One-Third.  Octave  Bands 

50  Hz  53-0  dB  52.1  dB 

100  50.2  49.1+ 

200  48.8  48.2 

(Table  V-4  of  Ref.  4) 
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for  the  data  from  Site  3Z,  have  not  been  replotted.  On  the  plots  of  SURVEY 
data,  a correction  factor  for  the  propagation  loss  is  indicated.  These 
factors  are  given  in  Table  1-3,  they  equal  the  difference  between  the 
standard  levels  used  for  SQUARE  DEAL  (Ref.  14)  and  the  levels  used  for  the 
SURVEY  propagation  loss  plots  (Refs.  4,  12,  13 ). 

During  the  period  in  which  the  signal  processing  was  performed, 
an  effort  was  initiated  to  verify  the  accuracy  of,  and  the  intercompara- 
bility  of,  the  laboratory  processing  systems  at  ARL,  NRL,  NUSC,  WHOI,  and 
WECO.  A principal  component  of  this  work  was  the  processing  of  the  same 
tape  recorded  signals  at  thq  different  facilities.  The  results  of  that 
effort  are  reported  in  Ref.  5*  In  general,  the  intercomparison  showed  that 
the  propagation  loss  measured  for  tape  recorded  shots  at  the  different 
facilities  varied  by  ±1.0  dB  or  less  on  a shot-by-shot  basis. 

The  problem  of  system  overloading  was  particularly  severe  on  the 
ACODAC  data;  to  a lesser  extent,  overloading  was  a problem  in  the  ANB  data. 
The  overloading  occurs  when  the  peak  level  of  the  incoming  signals  exceeds 
the  dynamic  range  of  the  tape  recorder;  in  the  ACODACs,  this  condition 
caused  the  data  signal  to  be  momentarily  switched  off  and  error  tones  to 
be  recorded  for  1 sec.  Overloads  obscured  most  of  the  ACODAC  data  out  to 
a range  of  150  to  200  nm,  and  the  ANB  data  out  to  approximately  100  nm  to 
200  nm.  The  problem  was  more  frequent  for  the  91  ra  shots  than  for  the  l8  ra 
shots.  As  explained  below,  detected  shots  which  cause  overloads  are  indi- 
cated by  a special  symbol  on  plots  of  propagation  loss.  A consequence  of 
the  overloading  problem  is  that  there  is  no  propagation  loss  data  from  the 
ANB  or  ACODAC  systems  except  from  ranges  ICO  nm  or  more  from  the  systems. 

2.  Report  Outline 

Following  this  introduction,  the  three  principal  phases  of  the  exercise 
are  discussed  in  separate  chapters  (II,  III,  IV).  For  each  phase,  an  area 
description  and  details  of  the  exercise  such  as  receiver  locations  and 
source  tracks  are  described  first.  Then  the  propagation  features  observed 
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(U)  TABLE  1-3 

VALUES  TO  ADD  TO  SURVEY  PROPAGATION  LOSS  PLOTS 
FOR  CONFORMITY  TO  STANDARD  SOURCE  LEVELS  (Ref.  l4) 


Frequency 

18  m SUS 

91  m SUS 

50  Hz 

+2  dB 

+4  dB 

(a) 

100 

+4 

+4 

(a) 

l4i 

+3 

+3 

0>) 

300 

+3 

+3 

0>) 

(a)  difference  between  values  from  Tables  1-1  and  1-2. 

(b)  estimate  based  upon  Ref.  13. 
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(U)  for  the  principal  (whip)  source  track  are  described  for  each  receiver  site 
and  these  observations  are  compared  between  sites.  Observations  based  on 
other  source  runs  are  then  described  and  further  intercomparisons  are  made. 
Following  the  description  of  observations  for  the  individual  phases, 
intercomparisons  between  Phases  I and  II,  and  between  Phases  I and  III  are 
given  in  chapter  V. 

(U)  In  section  I. 5,  a summary  description,  based  on  information  from  all 

of  the  phases,  is  given  for  the  propagation  loss  dependence  on  range,  source 
depth,  receiver  depth,  frequency,  topography. 

3*  Summary  of  Propagation  Effects 

(u)  In  the  following  chapters,  attention  is  given  to  the  dependence  of 

propagation  loss  on  range,  bottom  interaction,  source  depth,  receiver  depth, 
and  frequency.  Usually,  these  effects  are  interrelated.  For  one  example, 
the  difference  between  the  loss  from  l8  m and  91  m shots  at  the  same  range 
is  usually  very  frequency  dependent.  As  another  example,  the  dependencies 
of  propagation  upon  source  depth,  receiver  depth,  and  frequency  may  have 
one  cypical  character  for  sources  detonated  in  deep  water  where  there  is 
depth  excess,  but,  the  dependencies  change  if  the  sources  are  deployed  in  a 
bottom  limited  situation. 

a.  Range,  General 

(U)  In  this  report  the  term  open  channel,  or  deep  sound  channel,  will 

refer  to  the  situation  where  there  is  depth  excess  at  the  location  of  the 
source  and  everywhere  between  the  source  and  receiver  (for  ACODACs)  or 
almost  to  the  receiver  (for  SURVEY,  MABS,  and  ARB).  As  a general  rule, 
approximately  ^00  m of  depth  excess  is  needed  for  good  open  channel  propa- 
gation. The  situation  where  the  source  is  at  a position  such  that  there  is 
depth  deficiency,  or  where  there  is  an  interval  of  depth  deficiency  between 
the  source  and  receiver,  will  be  referred  to  as  a bottom  limited  channel. 
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(c)  Considering  that  most  of  the  SQUARE  DEAL  area  1b  in  deep  water, 

the  open  channel  propagation  is  probably  the  most  important  propagation 
mode.  In  most  of  the  area,  the  deep,  or  major,  sound  channel  axis  was  at 
a depth  of  S00  m to  1200  m;  alBO,  a shallow  sound  channel  at  100  m to 
200  m was  found  over  much  of  the  area.  In  general,  the  propagation  loss  to 
receivers  above  critical  depth  in  the  open  channel  situation  was  charac- 
terized by  cylindrical  spreading.  However,  sometimes  there  was  so  much 
change  in  the  sound  velocity  structure  along  the  propagation  path  (for 
example,  during  Phase  III  in  the  Icelandic  Basin)  that  the  propagation  loss 
was  increased  in  one  direction  and  decreased  in  the  opposite. 

(C)  One  interesting  feature  of  the  SUS  propagation  loss  measurements 

is  that  there  usually  is  no  strong  convergence  zone/shadow  zone  structure 
evident  in  the  data.  Individual  propagation  loss  plots  usually  show  data 
points  to  be  within  ±3  dB  of  an  average  trend  curve. 

b.  Bottom  Effects 


(u)  For  the  most  part,  deviations  from  the  general  range  dependence 

of  propagation  loss  described  above  result  from  topographic  effects. 

(C)  When  the  propagation  path  is  bottom  limited  at  the  source,  two 

features  are  observed.  First,  the  received  signal  is  generally  attenuated 
at  a rate  of  0.1  dB/nm  to  0.5  dB/nm  as  the  source  ship  crosses  a ridge  or 
shelf.  The  rate  of  attenuation  depends  upon  the  exact  bathymetry  and 
sound  velocity  structure  as  well  as  upon  the  other  acoustic  parameters. 
Second,  when  the  sources  are  detonated  over  the  crest  of  a ridge  or  rise, 
a local  minimum  of  propagation  loss  to  a distant  receiver  is  observed. 

That  is,  within  a range  interval  of  perhaps  20  nm,  propagation  loss  can  be 
as  much  as  10  dB  less  than  loss  from  sources  at  the  same  range  in  the 
absence  of  the  bottom  effects.  This  slope  enhancement  occurs  because 
sound  is  reflected  from  the  edge  of  the  rise  into  the  deep  sound  channel. 
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c.  Source  Depth 

(C)  For  all  phases  and  source  events  of  SQUARE  DEAL,  the  propagation 

loss  from  the  l8  m deep  sources  was  greater  than  the  propagation  loss  from 
the  91  m sources,  and  the  effect  is  frequency  dependent.  From  the  same 
range,  signals  from  the  91  m sources  are  as  much  as  12  dB  stronger  than 
signals  from  the  l8  m sources.  Most  of  the  source  depth  effects  can  he 
explained  in  terms  of  the  Lloyd's  Mirror  effect,  described  below. 

(U)  There  is  a high  bottom  loss  over  most  of  the  area,  so  that  usually 

only  one  or  two  RR  or  RSR  ray  arrivals  contribute  to  the  received  signals. 
This  condition  enables  sharp  "Lloyd's  Mirror"  or  "pressure  release"  effects 
to  occur.  Interference  between  closely  spaced  ray  pairB  causes  the  received 
signal  spectra  to  have  a modulation  of  the  form  sin(f/f^),  where  f is  the 
received  frequency  and  f^  is  determined  by  the  time  delay  between  the  ray 
pairs  (Ref.  15).  The  exact  value  of  f^  depends  upon  source  depth,  receiver 
depth,  and  the  sound  velocity  structure.  Nominal  values  for  are  25  Hz 
for  the  91  m sources  and  150  Hz  for  the  18  m sources.  Because  of  the 
filtering  used  in  processing  (one  octave  at  25  Hz,  the  one-third  octave  at 
other  frequencies)  the  effect  upon  propagation  from  the  91  m sources  is  not 
striking;  however,  the  18  m source  data  clearly  show  a minimum  propagation 
loss  at  158  Hz  in  most  cases. 

d.  Receiver  Depth 

(C)  The  sites  with  a variety  of  receiver  depths  were  those  with 

ACODAC,  MABS  II,  or  ANB  receiving  systems.  There,  most  of  the  hydrophones 
are  located  within  the  major  sound  channel,  below  the  upper  sound  channel 
axis  and  above,  or  within  100  m of,  the  critical  depth,  with  exceptions  of 
deeper  hydrophones  at  Site  10  during  Phase  I and  Site  20  during  Phase  II, 
and  a shallow  (165  m)  receiver  at  Site  3AA  during  Phase  III.  Among  the 
receivers  in  the  sound  channel,  there  was  generally  little  difference  in 
the  observed  propagation  loss.  Nominally,  to  a receiver  near  critical  depth 
the  propagation  loss  was  no  more  than  3 dB  less  than  the  loss  to  a receiver 
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(C)  at  the  deep  sound  channel  axis.  Results  from  the  few  receivers  below 
critical  depth  indicate  that  propagation  loss  increases  rapidly  below 
critical  depth.  In  additidn,  the  signal  at  these  deep  receivers  seems  to 
be  most  severely  affected  by  topographic  blockage  or  near-blockage 
(intervals  of  no,  or  very  little,  depth  excess)  between  the  source  and 
receiver.  The  loss  to  the  shallow  receiver  at  Site  3AA  was  nominally 
3 dB  greater  than  the  loss  to  receivers  in  the  main  sound  channel.  At 
each  site,  the  same  general  dependence  of  propagation  loss  upon  source 
depth  and  frequency  is  observed  at  all  receiver  depths. 

e.  Frequency 

(C)  The  nominal  dependence  of  propagation  loss  in  an  open  channel 

situation  upon  frequency  is  a function  of  source  depth,  as  discussed  above. 
From  the  91  m sources,  the  losses  at  25,  50,  and  100  Hz  are  usually  within 
±1  dB  of  each  other)  the  loss  at  200  Hz  is  approximately  3 dB  greater  than 
the  loss  at  100  Hz. 

(C)  From  the  18  m sources,  two  types  of  frequency  dependence  are 

observed.  When  the  arrivals  contain  little  bottom  reflected  energy  (because 
of  high  bottom  loss),  the  Lloyd's  Mirror  effect  discussed  above  is  dominant, 
and  the  greatest  loss  is  at  25  Hz  and  the  minimum  loss  at  158  Hz  may  be  as 
much  as  10  dB  less.  When  significant  bottom  reflected  energy  is  present, 
the  Lloyd's  Mirror  effect  is  not  dominant)  this  occurs  at  short  (less  than 
100  nm)  ranges  and  in  areas  of  highly  reflecting  bottoms.  In  that  case, 
the  loss  from  the  l8  m shots  is  either  frequency  independent  or  increases 
with  frequency. 

4.  Presentation  Formats 


(u)  In  the  analysis  of  propagation  to  individual  sites,  several  types  of 
data  displays  are  used.  First,  plots  of  propagation  loss  versus  range  for 
particular  source  depths  and  frequency  bands  to  individual  hydrophones  give 
an  overall  view  of  propagation  to  each  site  (for  example,  Fig.  II-3) . For 
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(u)  these  figures,  the  receiver  is  at  zero  rangej  sources  generally  south  or 
west  of  the  receiver  are  at  negative  ranges,  and  sources  north  or  east  of 
the  receiver  are  at  positive  range.  Each  data  point  is  coded  in  the 
following  manner  to  provide  a measure  of  the  measurement  quality  and/or 
measurement  problems: 

X S/N  > + 3 dB 
+ + 3 dB  > S/n  > 0 dB 
0 0 dB  > S/N  > - 3 clB 
A - 3 dB  > S/N 
O Overload 

The  triangle  symbol  is  plotted  along  the  base  of  the  plot  to  indicate  that 
a shot  was  detected  at  that  range,  but  the  signal  in  the  frequency  band 
was  very  weak.  The  "o"  symbol  is  plotted  along  the  top  of  the  plot  to 
indicate  that  a shot  which  overloaded  the  recording  system  was  detected 
at  that  range.  At  short  ranges,  where  all  data  was  overloaded,  the  data 
was  often  not  processed  and  no  symbol  will  appear. 

(U)  A second  display  is  that  of  range  averaged  propagation  loss  versus 

frequency,  such  as  Fig.  II-5.  This  type  of  display  provides  a useful 
summary  of  the  frequency,  receiver  depth,  and  source  depth  dependence  of 
propagation  loss  in  an  area.  As  much  as  possible,  the  range  intervals  over 
which  the  averages  were  made  were  chosen  so  that  the  mean  trend  of  the  data 
changed  little  over  the  interval. 

(u)  Finally,  shot-by-shot  differences  between  the  loss  at  the  same 

frequency  to  different  receivers,  or  between  the  loss  at  different  fre- 
quencies to  the  same  hydrophone, are  plotted  versus  range  as  in  Figs.  II-6 
and  II-7.  These  displays  serve  to  show  the  distribution  of  frequency  and 
depth  dependence. 
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II.  PHASE  I 


1.  Exercise  and  Area  Description 

(u)  Phase  I of  SQUARE  DEAL  was  conducted  1-10  August  1973 J the  region, 
the  location  of  the  receiver,  and  the  events  analyzed  here  are  shown  in 
Fig.  II- 1.  The  region  is  the  northwestern  portion  of  the  West  European 
Basin,  an  area  partially  bounded  on  three  sides  by  the  mid-Atlantic  Ridge 
(composed  of  the  Reykjanes  Ridge  and  the  Faraday  Seamount  Group),  the 
Rockall  Bank,  and  the  Porcupine  Bank.  Throughout  this  basin  there  is 
depth  excess,  but  along  the  perimeter  of  the  area  there  is  depth 
deficiency. 

(u)  The  propagation  data  were  recorded  by  ACODAC  systems  at  Sites  1C  and 

2C,  and  SURVEY  arrays  at  Sites  1A  and  IB.  Ten  explosive  source  runs  were 
made  for  propagation  studies.  USNS  WILKES  (T-AGS  33)  made  one  SUS  run. 
Event  2a,  along  the  major  axis  of  the  basin.  The  remaining  runs  were 
flown  by  aircraft  (see  Fig.  II-l). 

(u)  The  sound  speed  structure  within  this  portion  of  the  West  European 
Basin  cannot  be  described  by  a single  representative  sound  speed  profile} 
due  to  the  influence  of  three  major  water  flows,  the  sound  speed  profile 
varies  throughout  the  basin.  Figure  II-2  illustrates  the  variation  in  the 
structure  of  the  sound  speed  profiles  along  the  major  axis  of  the  basin. 
Table  II-l  gives  depths  of  the  hydrophones  whose  data  was  processed. 

2.  USNS  WILKES  Source  Run,  Event  2a 

(u)  The  major  event  during  Phase  I is  the  SUS  run,  Event  2a  (Fig.  II-l), 

made  by  USNS  WILKES.  Figure  II-2  illustrates  the  variations  in  the  sound 
speed  profile  and  bathymetry  along  this  track}  there  is  depth  excess  for 
the  entire  run.  Throughout  the  southern  half  of  the  run  the  sound  speed 
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TABLE  II-l 

REFERENCE  LOCATIONS  FOR  PHASE  I (u) 
(From  Table  III-l  of  Ref.  4) 


SITE 

LOCATION 

1C 

54°53.3'N 

28o50.7’W 

2C 

51°29.9'n 

19°38.0'w 

1A 

54°52.i4'n 

25°i8.65'W 

IB 

51°49.4’n 

29°i8.65'W 

HYDROPHONE  DEPTHS  - meters 


m re  Profile  Features  and  Bottom 


712  400  m Below  Channel  Axis 

1944  Critical  Depth 
2860  190  m Off  the  Bottom 


2777  100  m Above  Critical  Depth 


1802  Critical  Depth,  Bottom 


2038  Critical  Depth,  Bottom 
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profile  is  characterized  by  two  sound  channels;  these  merge  together  for 
the  northern  half  of  the  run  and  the  profiles  have  a single  sound  channel. 
Data  collected  by  the  hydrophones  shown  in  Fig.  11-2  have  been  processed 
for  this  run. 

a.  ACODAC,  Site  1C 


At  Site  1C,  the  processed  data  were  from  hydrophones  at  depths 
of  712  m,  19^  m,  and  2860  m.  These  depths  correspond  to  ^00  m below  the 
channel  axis,  the  critical  depth,  and  190  m above  the  bottom,  respectively. 
The  2860  m receiver  is  much  deeper  below  critical  depth  than  any  other 
receiver  in  the  SQUARE  DEAL  Exercise.  Also,  as  shown  by  Fig.  II-2,  this 
receiver  depth  is  slightly  below  the  peak  of  the  DeSoto  Rise,  which  will 
partially  block  propagation  from  sources  SE  of  Site  1C. 

(1)  Range  Dependence 

Propagation  loss  measured  at  the  19^  m hydrophone  is 
presented  in  Fig.  II-J.  Figure  II- 4 shows  the  propagation  losses  from  the 
91  m sources  to  the  hydrophones  at  712  m and  2860  m.  Range  averaged  values 
of  propagation  loss  are  given  in  Fig.  II-5-  The  data  from  sources  close 
to  the  receiver  are  obscured  by  system  overloading,  as  indicated  by  the 
symbols  at  the  top  of  the  plots  of  Figs.  II-5  and  II-4.  Beyond  200  nm  SE 
(positive  ranges)  of  the  Site  1C,  the  propagation  loss  dependence  upon 
range  approximates  cylindrical  spreading.  However,  the  amount  of  spread 
in  the  propagation  loss  curves,  due  to  convergence  zone  effects,  is  greater 
for  the  deeper  receivers  (Fig.  II-4).  The  propagation  loss  from  sources 
NW  of  1C  (negative  ranges)  increases  rapidly  with  range,  indicating  bottom 
limited  propagation  as  the  track  approaches  the  Reykjanes  Ridge. 

(2)  Source  Depth  Dependence 

Comparison  of  propagation  losses  from  sources  detonated  at 
depths  of  91  o and  l8  m consistently  exhibit  more  loss  for  the  l8  m sources. 
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(C)  This  may  he  seen  in  the  range  averaged  data  of  Pig.  II-5-  The  difference 
is  greater  than  10  dB  at  the  low  frequencies  and  decreases  as  the  frequency 
increases;  at  250  Hz,  the  difference  is  less  than  3 dB. 

(3)  Receiver  Depth  Dependence 

(C)  At  Site  1C,  the  dependence  of  propagation  loss  upon  receiver 

depth  is  a function  of  source  depth  and  frequency.  This  may  be  seen  in  the 
range  averaged  data  of  Fig.  II-5-  The  loss  to  the  deepest  receiver 
(2860  m)  is  approximately  10  dB  or  more  greater  than  the  loss  to  the  other 
receivers.  Comparing  the  712  m and  19^  m receivers,  the  average  loss 
from  the  18  m sources  is  the  same  at  these  two  depths;  from  the  91  m sources, 
there  is  approximately  3 dB  more  loss  at  19^  m receiver  depth.  Figure  II-6 
shows  the  difference  between  propagation  loss  from  individual  shots  to  the 
different  receiver  depths  at  25  Hz. 

(h)  Frequency  Dependence 

(C)  The  dependence  of  propagation  loss  upon  frequency  at  1C 

may  be  seen  in  Fig.  II-5,  and  in  the  plots  of  differences  between  propaga- 
tion loss  from  individual  shots  at  158  Hz  and  50  Hz,  Fig.  II-7.  From  the 
91  m sources,  the  propagation  loss  increases  as  frequency  increases;  there 
is  nominally  4 dB  more  loss  at  158  Hz  than  at  50  Hz  on  the  two  shallower 
receivers;  at  the  2860  s receiver,  the  difference  is  8 dB- 

(C)  The  frequency  dependence  of  the  loss  from  the  i8  s sources 

varies  with  receiver  depth  and  source  location.  The  frequency  dependence 
of  propagation  from  sources  in  the  open  channel  region  SS  of  Site  1C  to 
the  receivers  above  critical  depth  (Fig.  II-5)  Is  typical  of  such  of 
SQUARE  DEAL.  That  is,  there  is  maximum  loss  at  25  Hz,  and  minimus  loss 
at  approximately  158  Kz;  there  is  approximately  8 dB  core  loss  at  25  Hz 
than  138  Hs.  This  dependence  arises  from  the  Lloyd's  Mirror  effect, 
discussed  in  the  introduce ion  whereby,  if  there  are  no  significant  bottom 
reflected  arrivals,  interference  between  closely  spaced  rays  from  the  shallow 
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(C)  sources  causes  the  level  of  the  lower  frequency  components  to  he  reduced. 
From  18  m sources  SE  of  1C  to  the  2860  m receiver,  and  from  HW  of  Site  1C 
to  all  receivers,  the  Lloyd's  Mirror  effect  is  not  observed,  and  propagation 
loss  increases  with  frequency. 

b.  ACODAC,  Site  2C 

(u)  The  hydrophones  at  Site  2C  during  Phase  I whose  outputs  have 

been  analyzed  are  at  1450  m,  2066  a,  and  2777  m.  These  depths  are  the 
deep  sGund  channel  axis,  an  intermediate  depth,  and  100  m above  the 
critical  depth,  as  shown  in  Fig.  II -2. 

(1)  Range  Dependence 

(C)  Propagation  losses  to  the  2066  m depth  hydrophone  are  shown 

in  Fig.  11-8}  Fig.  II-9  shows  the  propagation  loss  from  the  l8  m depth 
sources  to  the  1450  m and  2777  m hydrophones.  Range  averaged  values  of 
propagation  loss  to  Site  2C  are  given  in  Fig.  11-10.  The  loss  from  91  m 
sources  at  ranges  greater  than  150  nm  approximates  cylindrical  spreading. 
This  dependence  is  also  se^n  for  loss  from  the  l8  m sources  beyond  150  nm 

at  frequencies  above  50  Hz.  The  loss  from  the  18  m sources  increases  at 

a greater  rate  below  50  Hz  because  the  Lloyd's  Mirror  effect  is  not  a 
dominant  factor  at  close  ranges  (less  than  200  nm)  but  is  at  greater  ranges 
(see  Fig.  II-10)}  this  is  probably  due  to  changes  in  bottom  reflectivity 
along  the  track. 

(2)  Sourc  3 Depth  Dependence 

(C)  The  dependence  of  propagation  loss  upon  source  depth  varies 

with  frequency  and  source  location}  this  may  be  seen  in  Fig.  11-10.  From 
sources  200  nm  or  more  HW  of  Site  1C,  the  loss  from  the  l8  m sources  is 

greater  than  the  loss  from  the  $1  m sources  by  8 to  10  dB  at  25  Hz  and  0 to 

3 dB  at  158  Hz  and  above. 
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(3)  Receiver  Depth  Dependence 

(C)  Differences  between  propagation  losses  at  50  Hz  from 

individual  shots  to  different  hydrophones  appear  in  Fig.  11-11;  the  depen- 
dence upon  receiver  depth  is  also  shown  by  Fig.  11-10.  As  may  be  seen, 
the  loss  from  the  18  m sources  shows  essentially  no  trend  in  the  receiver 
depth  dependence.  However,  the  loss  from  the  91  m sources  increases  with 
receiver  depth,  and  the  averaged  differences  show  no  important  frequency 
dependence;  the  mean  loss  from  91  m sources  is  approximately  4 dB  greater 
at  the  2777  m depth  than  at  1^50  m. 

(4)  Frequency  Dependence 

(C)  The  frequency  dependence  of  the  propagation  loss  to  Site  2C 

is  illustrated  by  the  range  averaged  data  of  Fig.  11-10,  and  by  the  shot- 
by-shot  comparison  of  Fig.  11-12.  The  frequency  dependence  of  the  loss 
from  the  91  m sources  is  essentially  independent  of  receiver  depth  or 
source  location;  there  is  approximately  3 dB  greater  mean  loss  at  158  Hz 
than  at  50  Hz. 


(C)  For  the  l8  m sources,  the  frequency  dependence  varies  with 

source  location.  From  200  nm  and  beyond,  the  Lloyd's  Mirror  effect, 
evidenced  by  the  minimum  loss  at  158  Hz  (approximately  5 dB  less  than  the 
loss  at  50  Hz),  influences  the  propagation.  The  18  m source  data  available 
at  shorter  ranges  (most  of  these  shots  overloaded  the  receivers)  have  a 
frequency  dependence  similar  to  that  of  the  91  m sources,  with  loss  increasing 
with  freq  uncy. 


c.  Comparison  of  Sites  1C  and  20 

(c)  The  sound  speed  profiles  in  Fig.  II-2  show  considerable  change  in 

structure  between  Sites  1C  and  2C.  There  is,  however,  little  difference 
between  propagation  to  receivers  at  comparable  depths  at  the  two  sites. 
Table  II-2  presents  propagation  losses  observed  at  Sites  1C  and  2C  averaged 
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TABLE  II-2 

COMPARISON  BETWEEN  PROPAGATION  TO  SITE  1C  AND  SITE  2C 
FOR  THE  RANGE  INTERVAL  OF  300  nm  TO  *400  nm  (u) 


PROPAGATION  LOSS  (dB) 


RECEIVER 

91  m SOURCE 

m SOURCE 

DEPTH/SITE 

25  Hz 

50  Hz 

158  Hz 

25  Hz 

50  Hz 

158  Hz 

1944  m/lC 

101 

100 

104 

116 

108 

104 

2066  m/2C 

100 

102 

102 

ll4 

108 

106 

2860  m/lC 

106 

109 

116 

118 

ll4 

116 

2777  m/2C 

102 

104 

105 

ll4 

108 

105 
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(C)  over  a range  interval  of  300  nm  through  400  nm;  in  this  interval,  the 
sources  are  near  one  site,  and  propagation  is  to  the  other.  These  data 
allow  comparison  between  hydrophones  at  similar  depths  at  the  two  sites. 
Remember  that  the  2860  a depth  at  Site  1C  is  far  below  critical  depth, 
whereas  the  2777  m depth  is  in  the  sound  channel  at  Site  2C  (Fig.  II-2 ) . 

(C)  Considered  as  a group,  the  two  receivers  at  Site  2C  and  the  19^  m 

receiver  at  Site  1C  have  nearly  the  same  average  propagation  loss 
(Table  II-2).  However,  the  loss  to  the  2860  m receiver  at  Site  1C  is 
consistently  the  greatest  in  any  column)  propagation  to  that  receiver  is 
affected  by  its  distance  below  critical  depth,  and  probably  by  the  DeSoto 
rise  only  30  nm  SE  of  1C  (Fig.  H-2). 

3.  Other  Source  Runs 


(U)  Nine  aircraft  SUS  runs  were  flown  during  Phase  I.  Events  5&  and  5f, 

radial  to  Site  1A,  and  Events  5i  and  7b,  radial  to  Site  IB,  are  shown  in 
Fig.  II- 1.  Propagation  loss  to  the  SURVEY  arrays  at  the  origins  of  these 
runs  has  been  computed. 

a.  SURVEY  Array,  Site  IA 

(C)  The  receiver  at  Site  1A  is  near  the  bottom  above  a seamount,  at 

1802  m depth  (slightly  above  the  critical  depth);  the  site  is  at  the  NW 
boundary  of  the  West  European  Basin  (Fig.  II-l).  Event  5a  is  a radial  run 
at  a bearing  of  155°  across  the  deeper  part  of  the  Basin;  Event  5f  is  at 
a bearing  of  320° . As  may  be  seen  in  Fig.  II- 1,  the  sources  for  Event  5f 
are  over  shallower  water  than  are  those  of  Event  5a,  and  propagation  to 
Site  1A  is  across  the  NW  shoulder  of  the  seamount  for  Event  5f * 

(C)  Propagation  loss  data  for  these  runs  are  presented  in  Figs.  11-13 

and  II- 14.  As  discussed  in  section  I.l.c,  the  correction  factors  which  are 
given  on  the  plots  of  the  SURVEY  data  are  needed  to  have  the  source  levels 
conform  to  standard  values  used  for  the  other  systems.  For  both  runs,  the 
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(C)  loss  from  the  l8  m shots  is  approximately  5 dB  greater  than  the  loss  from 
the  91  m shots.  There  is  no  apparent  frequency  dependence  for  the  18  m 
sources.  For  the  91  m sources,  at  the  longest  ranges  of  both  runs,  the 
greatest  loss  is  at  100  Hz.  By  comparing  Figs.  11-13  and  II- l4,  it  may  be 
seen  that  there  is  greater  propagation  loss  on  Event  5f  than  on  5a.  For 
example,  at  200  nm  ranrQ,  the  loss  on  Event  5f  is  nominally  10  dB  greater 
for  the  91  m sources  and  6 dB  greater  for  the  18  m sources  than  the  loss 
on  Event  5a.  This  dependence  upon  propagation  path  is  what  would  be 
expected  from  the  bathymetry  of  the  two  paths  described  in  the  preceding 
paragraph. 


b.  SURVEY  Array,  Site  IB 

(C)  The  receiver  at  Site  IB  is  at  a depth  of  2039  ®,  just  above 

critical  depth  on  a seamount  along  the  mid-Atlantic  Ridge.  Event  7b  iG 
a radial  run  at  a bearing  of  20°.  Fig.  II- 1 shows  this  run  across  the 
Icelandic  Basin;  not  shown  is  the  portion  at  the  end  of  the  run  (approxi- 
mately 700  nm  from  Site  IB)  where  the  track  passes  over  the  edge  of  the 
Reykjanes  Ridge.  Event  5i  is  a radial  run  at  a bearing  of  87°  across  the 
West  European  Basin;  at  approximately  550  nm,  the  depth  at  the  source 
changes  from  greater  than  30<W  o to  less  than  1000  m as  the  track  crosses 
Porcupine  Bank. 

(C)  Propagation  loss  data  fot  these  runs  are  pre seated  in  Figs.  11-15 

and  II-16.  The  range  scale  of  Fig.  11-16  differs  from  that  of  Figs.  11-13, 
II- 14,  and  11-15;  also,  the  highest  frequency  shown  in  Figs.  11-15  and  IX-16 
is  300  Hz  rather  then  'JMl  Viz.  The  propagation  loss  curves  for  the  two  runs 
show  equivalent  levels  at  the  same  range,  frequency,  and  source  deu'h.  From 
the  91  3 sources,  the  loss  at  5®  Rs  is  approximately  the  same  as  the  loss 
at  l4l  Us;  the  loss  at  3 °9  Hs  is  approximately  5 dB  core  at  *HX)  ns  than  at. 
the  otter  two  frequencies  aru.  shows  attenuation  in  addition  to  spreading 
loss.  From  the  18  a sources,  the  lose  at  1*1  Hs  is  approximately  3 dB  less 
than  the  loss  at  50  Hz;  this  1-.  consistent  with  the  Lloyd's  Hirror  effect. 
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Near  the  end  of  both  runs  (675  nm  on  Event  7b  and  575  nm  on 
Event  5i) > the  loss  from  the  91  m sources  increases  approximately  5 dB 
as  the  runs  pass  over  shallow  water)  from  these  locations,  few  l8  m shots 
are  detected. 
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III.  PHASE  II 

1.  Exercise  and  Area  Description 

(U)  During  Phase  II,  15-25  August  1975,  SUS  sources  were  deployed  by 

RFA  OLMEDA  (A  12 4-)  on  a track  along  the  Rockall  Trough  and  by  aircraft 
along  15  tracks  radial  to  Site  2B.  Three  of  the  source  runs  have  been 
selected  for  analysis.  These  three  runs,  shown  in  Fig.  III-l,  are  the 
RFA  OLMEDA  run  along  the  Rockall  Trough,  Event  14b,  and  two  of  the 
aircraft  runs,  Events  12k  and  12m. 

(u)  Propagation  loss  to  four  sites  is  available  for  Phase  II.  The  systems 

at  these  locations,  shown  in  Fig.  III-l,  are  ACODACS  at  Sites  2C  and  2D, 
an  ANB  at  Site  2BB,  and  a SURVEY  array  at  Site  2B.  In  Table  III-l,  hydro- 
phone depths  are  related  to  sound  speed  profile  features  and  bottom  depth 
for  each  receiver  site. 

(u)  Topography  and  sound  speed  structure  along  the  track  of  the  RFA  OLMEDA 

source  run  are  related,  in  Fig.  III-2,  to  the  hydrophone  depths  at  Sites  2C 
and  2D.  To  better  define  the  topography  and  sound  velocity  structure  of 
the  Rockall  Trough,  Fig.  III-5  shows  a cross  section  across  the  trough 
from  Site  2BB  to  Site  5AB. 

2.  RFA  OLMEDA  Source  Run,  Event  l4b 

(U)  During  Event  l4b,  the  RFA  OLMEDA  deployed  SUS  charges  while  traversing 

84o  nm  along  the  axis  of  Rockall  Trough  and  the  Porcupine  Plain  (Figs.  III-l 
and  III-2).  The  signals  were  received  by  ACODACS  at  Sites  2C  and  2D,  which 
are  on  the  source  track  in  deep  water  in  the  central  part  of  the  trough. 
Signals  from  the  hydrophones  shown  in  Table  III-l  at  each  ACODAC  site  were 
analyzed.  These  data  are  used  to  examine  propagation  in  the  Rockall. 

Trough,  discussed  below.  Also  examined  are  data  from  a SURVEY  array  at 
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TABLE  III-l 

REFERENCE  LOCATIONS  FOR  PHASE  II  (U) 
(From  Table  III-l  of  Ref.  4) 


RECEIVER  DATA 


TYPE 

SITE 

LOCATION 

HYDROPHONE  DEPTHS  - meters 

ACODAC 

2C 

51°30.l'N 

398 

25O  below  upper  axis 
200  above  int.  maximum 

is  ’37.2‘w 

1009 

400  below  int.  maximum 
200  above  deep  axis 

1376 

175  below  deep  axis 
1375  above  critical  depth 

1834 

635  below  deep  axis 
IO85  above  critical  depth 

2445 

1250  below  deep  axis 
300  above  critical 

31^7 

400  below  critical 
65O  above  bottom 

ACODAC 

2D 

55°12.2’n 

585 

4l0  below  upper  axis 
365  above  int.  maximum 

j 

13°33.1'W 

715 

540  below  upper  axis 
235  above  int.  maximum 

1810 

310  below  deep  axis 
590  above  critical 

2467 

70  below  critical 
330  above  bottom 

SURVEY 

Array 

2B 

54°o8.78'n 

15°05.33'w 

1728 

on  the  bottom  (480  m below 
lower  axis) 

ANB 

2BB 

54°00.8'n 

300 

120  below  upper  axis 
555  above  bottom 

12°56.0'w 

610 

430  below  upper  axis 
245  above  bottom 
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(U)  Site  2B  on  the  sloping  rise  up  to  Porcupine  Bank  (Figs.  III-l,  III-j)  and 
from  an  MB  at  Site  2BB  on  the  Porcupine  Bank. 

(C)  By  comparing  Figs.  III-2  and  II-2,  it  may  be  seen  that  the  propagation 
path  in  Event  l4b  is  much  more  bottom  limited  than  the  path  in  Event  2a 
(Section  II).  Also,  approximately  l6o  nm  NE  of  Site  2C,  there  is  an 
interval  over  which  there  is  depth  deficiency;  to  the  NE  of  that  blockage, 
there  is  only  400  m,  or  less,  of  depth  excess.  Approximately  7 nm  SW  of 
Site  2C,  there  is  a point  at  which  the  depth  excess  is  only  200  m.  These 
variations  of  bathymetry  along  Event  l4b  influence  the  level  of  the  propaga- 
tion loss,  and  also  can  affect  the  frequency,  source  depth,  and  receiver 
depth  dependences. 

a.  ACODAC,  Site  20 

(U)  The  receiver  depths  at  Site  2C  are  shown  in  Table  III-l.  One 

hydrophone,  at  31^7  ®,  is  well  below  the  critical  depth.  Propagation  loss 
from  both  source  depths  to  the  2445  m receiver  is  shown  in  Fig.  III-4; 
loss  from  the  l8  m source  at  25  Hz  to  all  receivers  is  shown  in  Fig.  III-5. 
Range  averaged  propagation  loss  versus  frequency  to  all  receivers  is  given 
by  Figs.  III-6. 

(l)  Range  Dependence 

(C)  Several  features  of  the  propagation  to  this  site  are 

illustrated  in  Figs.  III-4  and  III-5.  Average  propagation  loss  increases 
regularly  with  range  both  NE  and  SW  of  Site  2C.  From  18  m depth 
source,  the  rate  of  propagation  loss  increase  is  greater  from  sources  SW 
of  the  site  than  from  sources  NE  of  the  site  so  that,  at  300  nm  range,  the 
propagation  loss  is  from  5 to  10  dB  higher  from  sources  to  the  SW.  This 
may  be  related  to  the  shallower  upper  channel  axis  depth  NE  of  Site  2C, 
which  would  allow  better  coupling  from  the  shallow  sources.  The  rate  of 
increase  of  loss  with  range  is  more  symmetrical  for  the  91  ® source  depth. 

In  general,  at  this  site,  the  rate  of  increase  of  loss  with  range  from  the 
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(C)  18  m sources  is  greater  than  from  the  91  m sources.  This  source  depth 
effect  is  most  evident  at  25  He  and  least  evident  at  158  Hz. 

(2)  Source  Depth  Dependence 

(C)  Propagation  loss  averaged  over  range  intervals  is  shown  in 

Fig.  III-6.  These  show  that  the  loss  from  the  91  ® sources  is  less  than 
from  the  18  m sources.  Details  of  the  source  depth  dependence  vary  with 
source  location  in  the  following  manner.  From  the  SW,  there  is  8 dB  to 
10  dB  more  loss  from  the  91  m sources  at  all  frequencies,  whereas  from 
the  NW  the  mean  difference  is  approximately  5 dB  at  158  Hz  and  10  dB 
at  25  Hz. 

(5)  Receiver  Depth  Dependence 

(C)  Receiver  depth  dependence  is  shown  by  the  data  in  Figs.  Ill -5 

and  III-6.  The  maximum  difference  between  propagation  loss  to  the  different 
receiver  depths  is  12  dB,  and  is  usually  less  than  10  dB.  To  the  five 
shallowest  hydrophones  (398  m to  244-5  m) , the  variation  is  generally  less 
than  5 dB.  As  may  be  seen  from  Fig.  III-6,  the  loss  to  the  deepest  hydro- 
phone (31^7)  is  generally  greater  than  the  loss  to  the  other  receivers; 
this  effect  is  greater  at  higher  frequencies  (with  less  than  1 dB  difference 
among  the  hydrophone  depths  at  25  Hz)  and  for  the  91  ® sources. 

(4)  Frequency  Dependence 

(C)  Frequency  dependence  at  Site  2C  is  interrelated  with  source 

depth  and  range  dependence.  As  shown  in  Fig.  III-6,  from  the  deep  sources, 
the  propagation  loss  increases  with  frequency.  From  renges  less  than 
200  miles,  Fig.  III-6  shows  that,  on  the  average,  the  loss  also  increases 
vith  frequency  for  the  18  m sources.  For  longer  ranges,  the  frequency 
dependence  for  the  18  m sources  shows  the  influence  of  the  Lloyd's  Mirror 
effect,  with  a minimum  loss  at  158  Hz.  This  range  variable  frequency 
dependence  is  further  Illustrated  in  Fig.  III-7,  which  shows  the  difference 
between  propagation  loss  at  different  frequencies  from  individual  shots. 

CONFlbkNTIAL 


PROPAGATION  LOSS  DIFFERENCE 


UNCLASSIFIED 


hr 


HYDROPHONE  DEPTH  1009  m 
PL(25  Hz)  - PL (50  Hz) 


HYDROPHONE  DEPTH  1834  m 
PL(25  Hz)  - PL(50  Hz) 


0 100  200  300  400 


PL(158  Hz)  - PL(50  Hz) 


PL(158  Hz)  - PL(50  Hz) 


‘uu  -xuu  u IUU  200  300  400  -300  -200  -100  0 100  200  300  400 

PL(l5&  Hz)  - PL(25  Hz)  PL(l58  Hz)  - PL(50  Hz) 


I! 


ITtTfl 


00  300 


-300  -200  -100  0 100  200 


RANGE  - nm 
FIGURE  1 1 1-7 

PROPAGATION  LOSS  DIFFERENCES  - SHE  2C,  EVEN'l  14b 
1009  a and  1834  m Receivers 
18  m Source  Depth 

Differences  Among  PL  at  25,  50,  and  15S  Hz 


UNCLASSIFIED 


AS-76-870 


CONFIDENTIAL 


b.  ACODAC , Site  2D 

(U)  The  data  analyzed  from  Site  2D  were  from  hydrophones  at  585  m 

and  715  m depth,  both  of  which  are  between  the  upper  sound  channel  axis 
and  the  intermediate  maximum;  at  l8l0  m,  which  is  310  m below  the  deep 
sound  channel  axis;  and  at  2467  m,  just  70  m below  critical  depth  but  only 
330  m above  the  bottom.  Propagation  loss  at  50  Hz  from  the  18  m sources 
to  these  receivers  is  shown  in  Fig.  III-8;  range  averaged  propagation  loss 
versus  frequency  is  shown  in  Fig.  III-9* 

(l)  Range  Dependence 

Several  features  of  the  propagation  to  Site  2D  are  shown  by 
the  data  in  Fig.  III-8.  The  short  range  data  are  obscured  by  overloads; 
however,  there  is  an  obvious  asymmetry  between  the  loss  from  sources  HE 
and  SW  of  the  site.  This  asymmetry  is  related  in  the  following  paragraphs 
to  topography  and  to  the  sound  speed  profile  shown  in  Fig.  Ill -2. 

Consider  first  propagation  from  sources  SW  of  the  site. 

As  shown  in  Fig.  III-8,  propagation  at  5°  Hz  from  the  l8  m source  depth  to 
the  deepest  (2467  m)  receiver  exhibits  a very  rapid  increase  in  loss  with 
range  out  to  about  200  nm,  and  thee  a recovery  to  lower  loss  at  about 
250  nm,  beyond  which  the  loss  increases  only  gradually  with  range.  Though 
less  pronounced,  a similar  behavior  is  suggested  by  the  data  for  the  l8l0  m 
receiver.  For  these  two  receiver  depths,  this  same  benavior  is  shown  by 
the  data  for  the  91  m source  depth  and  for  frequencies  of  25  and  158  Hz. 
Propagation  to  these  deep  receivers  is  apparently  being  strongly  influenced 
by  bathymetry.  As  shown  in  Fig.  III-2,  SW  of  the  site  bottom  depth  is  only 
about  2800  m out  to  about  175  nm,  and  beyond  increases  to  an  average  value 
larger  than  4000  m for  ranges  greater  than  225  nm.  At  150  nm  SW  of  Site  2D, 
there  is  no  depth  excess.  This  topographic  influence  west  of  Site  2D  is  much 
less  of  a factor  in  propagation  to  the  two  shallowest  hydrophones,  especially 
to  the  one  in  the  upper  sound  channel  at  5^5 
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With  sources  NE  of  the  site,  an  even  stronger  topographic 
influence  is  exhibited.  As  shown  in  Fig.  III-2,  the  depth  becomes 
gradually  shallower  NE  of  Site  2D,  reaching  2000  m at  l80  hm.  The  very 
steep  rise  up  to  the  150  m Scotland  Shelf  depth  then  occurs  over  an 
interval  of  less  than  10  nm.  A slope  enhancement  (reduced  loss)  of  up  to 
10  dB  is  shown  at  190  nm  range  for  all  receiver  depths  (Fig.  III-8).  As 
RFA  0LMEDA  moves  over  the  shallow  Scotland  Shelf,  a rapid  increase  of  loss 
with  range  is  observed  at  all  receiver  depths  at  Site  2D.  These  same 
general  features  are  exhibited  by  the  data  at  25  and  158  Hz  and  also  for 
the  91  m source  depth  at  all  three  frequencies. 

(2)  Source  Depth  Dependence 

As  was  seen  at  Site  2C,  the  data  at  Site  2D  indicate  a more 
rapid  increase  of  loss  with  range  from  the  18  m sources  than  from  the  91  m 
sources.  Although  the  loss  for  the  two  source  depths  is  of  similar  magni- 
tude at  short  ranges,  the  higher  rate  of  increase  with  range  results  in 
as  much  as  15  dB  higher  loss  from  the  l8  m sources  at  550  nm  range  SW. 

This  source  depth  dependence  is  further  illustrated  by  the  range  averaged 
data  shown  in  Fig.  III-9* 

(5)  Receiver  Depth  Dependence 

Receiver  depth  dependence  is  also  shown  by  Fig.  III-9* 

As  previously  described,  the  deepest  (2^7  m)  hydrophone  exhibits  a high 
loss  for  ranges  less  than  about  250  nm.  Beyond  JOO  nm  range,  maximum 
difference  between  loss  to  the  different  receiver  depths  is  on  the  order 
of  5 dB  with  minimum  loss  being  shown  by  the  two  hydrophones  which  were 
closest  in  depth  to  the  two  sound  channel  axes  (i.e.,  the  hydrophones  at 
585  m and  l8l0  m depth). 
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(4)  Frequency  Dependence 

(C)  Figure  III-9  shows  that,  at  Site  2D,  the  frequency 

dependence  of  the  propagation  loss  from  the  shallow  sources  is  markedly 
different  from  what  is  seen  in  most  of  SQUARE  DEAL.  There  is  a minimum 
in  propagation  loss  at  25  Hz  or  50  Hz  for  both  source  depths.  That  is, 
the  Lloyd’s  Mirror  effect  does  not  dominate  propagation  from  the  l8  m 
sources;  this  is  evidence  that  bottom  reflected  components  constitute  a 
significant  portion  of  the  arriving  signals.  Prom  the  l8  m sources,  the 
loss  at  200  Hz  is  approximately  5 dB  higher  than  the  loss  at  25  Hz.  From 
the  91  m sources,  the  200  Hz  loss  is  6 to  10  dB  higher  than  the  25  Hz  loss. 

c.  SURVEY  Array,  Site  2B 

(U)  At  this  site,  near  Site  2BB  of  Fig.  III-l,  on  the  sloping  side 

of  Porcupine  Bank  at  the  edge  of  Rockall  Trough,  the  hydrophone  is  on  the 

bottom  at  1728  m depth.  The  RFA  OLMEDA  source  run  (Event  l4b)  is  not 
radial  to  Site  2B,  but  passes  within  65  nm  of  this  site. 

(l)  Range  Dependence 

(C)  In  Fig.  III-10,  propagation  loss  to  Site  2B  for  Event  l4b 

is  shown  for  source  depths  of  18  and  91  m at  frequencies  of  50,  l4l,  and 

500  Hz.  The  loss  increases  with  range  much  faster  from  sources  SW  of 

Site  2B  than  it  does  from  sources  1®  of  the  site;  at  150  nm,  the  loss  from 
the  SW  is  nominally  10  dB  greater  than  the  loss  from  the  NE.  This  is  because 
the  path  to  Site  2b  from  sources  to  the  SW  is  bottom  limited  across  the 
shoulder  of  Porcupine  Bank,  as  may  be  seen  in  Fig.  III-l.  To  the  NE,  the 
source  track  passes  onto  the  shallow  Scotland  Shelf  at  about  200  nm  range 
and  propagation  loss  rapidly  increases  with  further  range  increase.  There 
is  some  slope  enhancement  seen  at  approximately  230  nm  range. 
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(2)  Source  Depth  Dependence 

(C)  The  propagation  loss  from  the  l8  m sources  is  greater  than 

the  loss  from  the  91  a sources,  with  the  difference  depending  upon  source 
location.  From  the  SW  of  Site  2B,  the  difference  is  approximately  5 to 
10  dB,  while  from  the  HE  the  difference  is  approximately  0 dB  at  50  Hz 
and  5 dB  at  l4l  and  500  Hz. 

(5)  Frequency  Dependence 

(C)  These  data  exhibit  an  increase  of  loss  with  frequency  for 

both  source  depths  similar  to  that  seen  at  Site  2D. 

d.  ANB,  Site  2BB 

(u)  This  ANB  system  is  located  in  855  o of  water  on  the  Porcupine 

Bank  (Figs.  III-l  and  III-3).  Hydrophone  depths  are  300  m and  6l0  m. 

The  site  is  at  the  top  of  a steeply  sloping  bottom  which  rises  out  of  the 
Rockall  Trough  (the  location  of  the  RFA  OLMEBA  source  run).  Water  depth 
at  the  site  is  less  than  the  deep  sound  channel  axis  depth  in  the  nearby 
Rockall  Trough  (Fig.  III-3)  and  is  almost  as  shallow  as  the  intermediate 
maximum  in  the  sound  speed  profile. 

(l)  Range  Dependence 

(U)  Propagation  loss  for  RFA  CLMSDA  source  run  to  the  >00  m 

receiver  is  shown  in  Figs.  III-lla  and  III-llb,  and  to  the  6l0  a receiver 
in  Figs.  III-12a  and  III-12b.  The  source  run  is  nonradial  to  Site  2BB  and 
the  range  of  closest  approach  is  63  nm. 

(C)  In  agreement  with  the  data  from  the  SURVEY  array  at  Site  2D 

the  ANB  (Site  2BB)  data  exhibit  a much  core  rapid  increase  of  propagation 
loss  with  range  for  sources  SW  of  the  site  than  for  sources  KB  of  the  site 
From  the  18  m sources,  the  difference  is  approximately  10  dB  at  150  na 
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(C)  range;  overloading  obscures  the  effect  for  the  91  m sources.  At  the 
higher  frequencies,  slope  enhancement,  similar  to  that  previously  noted 
for  Sites  2B  and  2D  is  evident  for  sources  at  a range  of  about  225  nm  NE 
of  the  receiver. 

(C)  Propagation  from  sources  SW  of  Site  2BB  is  partially 

blocked  by  Porcupine  Bank;  the  effect  of  the  blockage  varies  with  source 
and  receiver  depth,  and  frequency.  From  91  m sources  in  this  region, 
propagation  loss  at  25  and  50  Hz  to  the  300  m receiver  is  6 to  10  dB  less 
than  the  loss  to  the  600  m receiver  (the  300  m data  also  show  much  more 
scatter).  At  the  higher  frequencies,  there  is  little  difference  between 
the  receiver  depths.  (The  l8  m shots  are  weakly  detected  from  sources 
in  this  area.) 

(2)  Source  Depth  Dependence 

(C)  At  all  frequencies,  the  loss  at  a given  range  is  greater 

from  the  18  m sources  than  from  the  91  m sources.  The  low  signal-to-noise 
ratio  for  the  l8  m shots  makes  the  difference  difficult  to  estimate 
(Figs.  II- 11  and  11-12);  nominally,  the  difference  is  10  dB  at  50  and 
100  Hz,  and  6 dB  at  th.  other  frequencies. 

(3)  Receiver  Depth  Dependence 

(C)  Very  little  receiver  depth  dependence  is  shown  for  sources 

NE  of  the  site  (compare  Figs.  III-ll  and  III-12).  However,  the  600  m 
receiver  depth  shows  much  higher  losses  than  the  *00  m receiver  depth  for 
sources  to  the  SW,  as  noted. 

e.  Comparison  of  Receiver  Sites 

(C)  For  the  ACODACs  at  both  Sites  2C  and  2D,  data  are  available  for 

one  hydrophone  near  1800  m depth  and  another  near  24-50  ra  depth.  The 
range  between  Sites  2C  and  2D  is  approximately  300  nm.  From  both  the  18  m 
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(C)  and  91  m sources  located  between  the  two  sites,  the  propagation  losses 

seen  at  the  1800  m receivers  over  the  300  nm  range  interval  are  essentially 
the  same  at  both  sites.  However,  to  the  near  2450  m depth  receiver,  the 
loss  is  about  10  dB  greater  at  Site  2D  than  at  Site  2C  for  ranges  out  to 
200  nm;  the  levels  are  about  the  same  at  300  nm.  This  is  an  effect  of  the 
topography  described  above  for  the  deeper  receivers  at  Site  2D 
(Section  III-2b) . 

3.  Aircraft  Source  Run,  Event  12m 

(u)  This  run  is  radial  to  Site  2B  at  a bearing  of  282°;  the  track  crosses 
the  RFA  0D4EDA  (Event  l4b)  track  at  a range  of  about  100  nm  from  Site  2B 
(see  Fig.  III-l).  Sources  were  deployed  at  ranges  out  to  450  nm  from 
Site  2B.  This  track  passes  over  the  SW  edge  of  Rockall  Bank;  approximately 
l6o  nm  from  Site  2B,  depth  excess  (approximately  2500  m)  is  lost. 

a.  SURVEY  Array,  Site  2B 

(C)  As  shown  by  Fig.  XII-13,  propagation  loss  from  the  91  m sources 

increased  with  range  to  a measured  value  at  Site  2B  of  approximately  85  dB 
;.v.  160  nm.  Beyond  that  range  the  rate  of  increase  in  the  propagation  loss 
is  greater  and  the  data  also  shows  more  scatter.  From  the  l8  m sources, 
the  loss  is  approximately  3 dB  greater  than  the  91  m loss  at  ranges  less 
than  160  nm,  and  10  dB  or  more  greater  (when  shots  are  detectable)  at  the 
longer  ranges. 

(C)  The  frequency  dependence  of  these  data  is  shown  by  Fig.  III-14; 

except  in  one  range  interval,  propagation  loss  increases  with  increasing 
frequency  for  both  source  depths.  The  exception  is  the  125  to  3°0  11111 
range  interval  over  which  the  deep  source  data  sometimes  show  the  same 
loss  at  50  and  l4l  Hz  and  sometimes  show  higher  loss  at  50  Hz  (decreasing 
loss  with  frequency  between  50  and  l4l  Hz). 
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b.  ANB,  Site  2BB 

As  shown  by  Figs.  Ill- 15  and  III-16,  the  shots  during  Event  12b 
were  poorly  detected  at  this  site,  especially  the  l8  m shots.  From  the 
91  m sources,  at  ranges  less  than  approximately  200  nm,  the  propagation 
loss  is  95  dB  at  100  Hz  and  less,  and  100  dB  at  160  and  256  Hz.  These 
values  are  representative  for  both  receiver  depths.  Beyond  that  range 
the  propagation  loss  increases,  say,  5 dB  at  the  lower  frequencies  and 
6 to  10  dB  at  the  higher  frequencies.  These  values  for  propagation  loss 
are  approximately  10  dB  greater  than  those  reported  for  Site  2B  (Figs. 

III-13  and  111-14) . 

c.  A00DAC , Site  2D 

At  this  site,  almost  all  of  the  signals  from  the  18  m sources 
were  not  detectable;  from  the  91  m sources,  the  signals  overloaded  the 
AC0DAC  out  to  a range  of  approximately  200  nm,  beyond  which  depth  excess 
at  the  source  was  lost  (Figs.  Ill- 17  and  III-18).  The  effect  of  the  loss 
of  depth  excess  is  seen  at  a shorter  range  on  the  2467  m receiver,  which 
is  below  critical  depth  (Fig.  III-17).  The  nominal  value  of  105  dB  loss 
at  200  nm  is  closer  to  the  100  dB  measured  at  Site  2BB  than  to  the  90  dB 
reported  at  the  same  range  at  Site  2B.  It  is  notable  that  beyond  200  nm 
the  propagation  loss  in  most  of  the  plots  of  Figs.  III-17  and  III-18 
increases  at  a nominal  rate  of  10  dB/l00  nm,  a much  greater  increase  than 
waB  Been  at  Sites  2B  and  2BB.  This  is  probably  attributable  to  there  being 
a longer  path  across  the  shallow  SW  end  of  Rockall  Bank  to  Site  2D  than 
to  Sites  2B  and  2BB,  as  may  be  seen  from  Fig.  III-l. 

4.  Aircraft  Source  Run,  Event  12k 

This  run  is  radial  to  Site  2B  at  a bearing  of  5°j  sources  were  deployed 
out  to  550  nm  range.  Once  over  Rockall  Trough,  there  is  open  channel  propa- 
gation out  to  150  nm,  beyond  which  the  depth  decreases  over  Rockall  Bank 
(Fig.  III-l). 
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a.  SURVEY  Array,  Site  2B 

The  propagation  loss  measured  at  Site  2B  is  shown  in  Figs.  III-19 
and  III-20.  The  loss  along  this  track  is  similar  to  what  was  shown  for 
Event  12m.  For  example,  from  the  91  m sources,  propagation  loss  is 
approximately  85  dB  at  200  nm  range,  and  then,  as  the  sources  move  into 
the  shallower  water,  the  loss  increases  to  approximately  95  to  100  dB  at 
400  nm.  The  loss  from  the  18  m sources  is  approximately  5 dB  greater  than 
the  loss  from  the  91  m sources  at  ranges  greater  than  200  nm  (Fig.  III-19). 
For  both  source  depths,  the  loss  increases  with  frequency  (Fig.  ni-20). 

b.  MB,  Site  2BB 

The  propagation  loss  to  Site  2BB  is  shown  in  Figs.  III-21  and 
III-22.  Most  of  the  received  signals  overloaded  the  system  out  to  200  nm 
for  the  JOO  m receiver  or  150  nm  for  the  6l0  m receiver , As  the  sources 
move  across  the  shallow  water,  the  increase  in  propagation  loss  is  greater 
at  the  higher  frequencies  and  from  the  shallower  sources.  Many  more  shots 
were  detected  at  the  6l0  m receiver  than  at  the  300  m receiver  (because 
of  a higher  noise  level  at  300  m),  but  propagation  loss  values  at  the  two 
receiver  depths  are  approximately  equal. 

c.  ACODAC,  Site  2D 

Essentially  no  data  are  available  for  the  18  m source  depth  because 
of  low  signal-to-noise  ratio.  Better  propagation  from  the  sources  at  91  m 
results  in  data  such  as  shown  in  Fig.  III-23  for  50  Hz  propagation  loss  to 
receivers  at  depths  of  585  m,  715  m,  l8l0  o,  and  2^67  m.  The  data  in 
Fig.  HI-23  illustrate  both  the  range  and  receiver  depth  dependence.  Out 
to  200  nm  range,  loss  increases  faster  with  range  to  the  deepest  hydrophone 
{2b6'{  m)  so  that,  at  400  nm  range,  the  loss  at  2467  a is  about  10  dB  higher 
than  that  observed  at  the  other  three  hydrophones.  The  loss  from  the  91  n 
sources  is  essentially  the  siuue  at  25  and  50  Hz,  and  3 to  5 dB  higher  at 
158  Hz  than  at  50  Hz. 
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IV.  PHASE  III 

1.  Exercise  and  Area  Description 

Phase  III  of  SQUARE  DEAL  vas  conducted  duri.  ^ September  1973 ♦ The 
locations  of  the  receivers  and  the  event  discussed  here  are  shewn  in 
Fig.  IV- 1.  The  Icelandic  Basin,  uhe  area  of  Phase  III,  is  bounded  to  the 
northwest  by  Reykjanes  Ridge  and  to  the  southeast  by  Rockall  Bank.  The 
receivers  deployed  for  Phase  III  were  AOODACs  at  Sites  1C  and  3D,  SURVEY 
arrays  at  Sites  3A  and  3Z,  and  the  MABS  II  at  Site  3AA.  Information 
regarding  hydrophone  depths,  etc.,  for  all  processed  data  is  given  in 
'fable  IV- 1.  The  major  source  event  of  this  phase  was  Event  22a  during 
which  RFA  OIMEDA  began  at  point  3ZZ  in  the  Norwegian  Sea,  proceeded  along 
the  Great  Circle  through  Sites  3D  and  1C,  and  completed  the  SUS  event  at 
point  3F,  west  of  the  mid-Atlantic  ridge.  vor  a second  series  of  source 
events,  aircraft  deployed  SUS  charges  along  paths  redial  to  Site  3A, 
including  one  path  across  Rockall  Bank. 

2.  RFA  OLMBDA  Source  Run,  Event  22a 

The  long  KFA  OLMSDA  SUS  run  vas  on  7-10  September  1973*  The  sensors 
along  the  track  whose  recordings  have  been  processed  are  shown  in  Fig.  IV-2, 
along  with  the  bathymetry  and  sound  velocity  structure.  The  Faeroe-Ice lard 
ridge  and  the  Gibbs  Fracture  Zone  in  the  mid-Atlantic  ridge  are  two  obvious 
geographic  influences  upon  propagation.  The  sound  velocity  structure  shows 
considerable  change  along  the  track  and  is  particularly  asymmetric  about 
Site  1C.  From  200  nm  NE  of  Site  1C  to  Site  5Z  there  is  an  upper  sound 
channel  with  axis  at  approximately  100  m depth;  there  is  no  depth  excess 
along  this  same  interval. 
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TABLE  IV-1 

REFERENCE  LOCATIONS  FOR  PHASE  III  (U) 
(From  Table  III-l  of  Ref.  4) 


LOCATION 

HYDROPHONE  DEPTHS  - meters 

60°24.9'n 

406 

Near  upper  sound  channel  axis 

19°o4.o'w 

1078 

Near  deep  sound  channel  axis 

• 

1812 

100  m above  critical  depth 

54°52.4'n 

606 

250  m below  sound  channel  axis 

28°49.2'W 

895 

550  m below  sound  channel  axis 

I960 

100  m below  critical  depth 

63°09.83'n 

12o00.34'W 

426 

Bottom,  near  crest  of  Faeroe- 
Iceland  Ridge.  Sound  velocity 
minimum  at  bottom. 
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a.  ACODAC,  Site  3D 

The  processed  hydrophones  at  Site  3D  are  at  *K)6  m,  near  the 
upper  sound  channel  axis,  at  1078  m,  near  the  deep  sound  channel  axis, 
and  at  1812  m approximately  100  m above  the  critical  depth.  Figure  IV-3 
shows  propagation  to  the  1078  m receiver  from  both  l8  m and  91  m sources 
whereas  Fig.  IV-4  shows  propagation  loss  from  only  the  91  ® sources  to 
the  *K)6  m and  1812  m receivers.  Range  averaged  propagation  loss  to  the 
three  receiver  depths  in  selected  range  intervals  is  shown  in  Fig.  IV-5- 

(1)  Range  Dependence 

Overloading  of  the  received  shots  within  1200  nm  of 
Site  3D  limits  discussion  of  the  range  dependence  of  propagation  loss  to 
longer  ranges.  In  the  open  channel  region  SW  of  Site  3D,  between  200  nm 
and  600  nm,  the  range  dependence  of  propagation  loss  shows  approximately 
cylindrical  spreading  at  158  Hz  and  above.  At  the  lower  frequencies,  the 
loss  is  almost  independent  of  range  over  this  interval.  Indeed,  Figs.  IV-4 
and  IV-5  show  propagation  loss  to  the  deep  receiver  even  decreasing  slightly 
with  range  at  the  lower  frequencies. 

(2)  Bottom  Effects 


HE  of  Site  3D,  most  of  the  shots  cause  overloads  out  to 
l8o  nm,  where  depth  excess  is  lost  across  the  Faeroe- Iceland  Ridge.  For 
shots  between  that  point  and  Site  3Z,  the  1812  m receiver  shows  10  to  15  dB 
increase  in  loss;  an  effect  of  this  magnitude  is  probably  masked  by  over- 
loading at  the  other  hydrophones.  When  the  source  shots  are  near  point 
Site  3Z,  the  $0  Hz  data  show  a local  minimum  in  propagation  loss  due  to 
edge  enhancement.  Starting  at  650  nm  SW  of  Site  3D  at  the  western  end  of 
the  Event  22a  source  run,  the  Gibb9  Fracture  Zone  (in  the  mid-Atlantic 
Ridge)  causes  a 10  to  15  dB  increase  in  loss  from  the  91  o sources  as 
RFA  0LMSDA  traverses  the  zone;  few  of  the  18  m shots  were  detectable  in 
that  region.  At  700  nm  SW  of  Site  3D,  which  is  beyond  the  short  interval 
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(C)  of  depth  deficiency  shown  In  Pig.  IV-2,  there  is  evidence  of  edge  enhancement 
causing  propagation  loss  to  he  5 dB  less  than  the  values  for  sources  at 
nearhy  ranges  at  all  frequencies. 

(3)  Source  Depth 

(C)  The  difference  between  the  propagation  loss  from  the  two 

source  depths  over  the  open  channel  is  similar  to  that  of  the  rest  of 
SQUARE  DEAL:  5 dB  more  loss  from  the  l8  m source  at  158  Hz  and  10  to 

12  dB  more  at  25  Hz  and  50  Hz,;  this  difference  is  shown  clearly  in 
Fig.  IV-5. 

(4)  Receiver'  Depth 

(C)  The  dependence  of  propagation  loss  upon  receiver  depth  at 

Site  3D  is  shown  in  the  depth  difference  plots  of  Fig.  Iv-6;  in  addition, 

Fig.  IV-5  also  reveals  the  receiver  depth  dependencies.  The  406  m and 
1078  m receivers  are  at  the  two  sound  channel  axes;  as  may  be  seen,  there 
is  effectively  no  difference  between  propagation  loss  to  these  receivers 
from  the  91  m shots.  (Cable  strumming  makes  the  18  m shots  undetectable 
at  the  4o6  m receiver.)  In  the  open  channel  regions.,  the  loss  from  the 
91  m sources  to  the  1812  m receiver  is  on  the  average  2 to  3 dB  greater 
than  the  loss  to  the  shallow  receivers.  Similar  plots  indicate  that  the 
propagation  loss  from  the  l8  m sources  is  independent  of  receiver  depth. 

(5)  Frequency  Dependence 

(C)  Figure  IV-7  gives  frequency  difference  plots  comparing 

158  Hz  and  50  Hz  propagation  loss  on  a shot-by-shot  basis;  Fig.  IV-5  shows 
the  frequency  dependence  on  a range  averaged  basis. 

(C)  During  most  of  Event  22a,  propagation  loss  from  the  91  m 

sources  increases  with  increasing  frequency;  for  example,  the  loss  at 
158  Hz  is  nominally  4 dB  greater  than  the  loss  at  50  Hz. 
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(C)  Propagation  loss  from  the  l8  m sources  shows  the  frequency 

dependence  common  to  most  of  SQUARE  DEAL.  In  the  open  channel  SW  of 
Site  5D,  Figs.  IV-5  and  IV-7b  show  the  loss  generally  decreasing  with 
frequency  up  to  160  Hz,  and  then  increasing  with  frequency  up  to  250  Hz. 
However,  in  the  high  attenuation  regions  over  Faeroe-Iceland  Rise  and 
Gibbs  Fracture  Zone,  the  loss  from  the  l8  m sources  is  approximately 
independent  of  frequency. 


b. 


ACODAC, .Site  1C 


(C)  The  hydrophones  processed  at  Site  1C  for  Phase  III  are  at  depths 

of  606  m,  approximately  200  m below  the  sound  channel  axis;  890  mj  and 
i960  m,  approximately  100  m below  critical  depth.  Propagation  loss  from 
sources  at  each  of  the  two  source  depths  to  the  606  m receiver  is  given  in 
Fig.  IV-8,  whereas  Fig.  IV-9  shows  the  loss  to  the  890  m receiver  and 
i960  m receiver  from  l8  m sources  only.  The  range  averaged  propagation 
loss  data  are  shown  in  Fig.  IV-10. 


(l)  Range  Dependence 


(C)  From  sources  in  the  interval  250  nm  to  600  nm  HE  of  Site  1C, 

propagation  loss  increases  at  a rate  greater  than  that  of  cylindrical 
spreading)  this  is  different  from  the  range  dependence  seen  at  Site  3D. 

For  the  91  ® sources  the  propagation  loss  at  600  nm  range  is  approximately 
4 to  6 dB  greater  than  the  loss  at  300  nm.  From  the  18  m sources,  the 
loss  increases  between  the  same  ranges  by  approximately  5 to  8 dB. 


(2)  Boundary  Effects 

(C)  All  of  the  shots  SW  of  Site  1C  cause  overloading  until  the 

Gibbs  Fracture  Zone  is  reached  at  200  nm  range.  Between  200  nm  and  3 00  nm 
SW,  propagation  loss  increases  by  at  least  15  to  20  dB  foi  all  frequencies 
and  source  depths.  At  the  opposite  end  of  the  Event  22a  track,  the  Faeroe- 
Iceland  Ridge  influences  propagation  in  two  ways.  First,  there  is  loss  of 
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(C)  depth  excess  at  600  nm  NE  of  Site  1C,  as  reflected  by  the  increase  in  and 
propagation  loss  from  the  91  ® sources  of  5 to  6 <33  at  25  and  50  Hz. 

Second,  in  the  shallow  water  at  700  nm,  near  point  Site  3Z,  approximately 
5 dB  decrease  in  propagation  loss  due  to  edge  enhancement  is  seen  at  25 
and  50  Hz  for  the  91  m sources  and  at  50  and  158  Hz  for  the  l8  m sources. 

(3)  Receiver  Depth  Dependence 

(C)  Differences  between  propagation  loss  to  different  receivers 

at  Site  1C  are  given  in  Fig.  IV-11.  In  general,  in  the  open  channel  loss 
is  4 <3B  to  5 dB  greater  to  the  i960  m receiver  (just  below  critical  depth) 
than  to  receivers  near  the  axis  from  91  m sources  at  all  frequencies. 

From  the  l8  m sources,  loss  to  the  deep  receiver  is  1 to  2 dB  greater  at 
25  Hz  and  50  Hz  and  4 dB  greater  at  200  Hz.  In  the  high  attenuation  region 
over  the  Gibbs  Fracture  Zone,  the  receiver  depth  dependencies  are 
diminished. 

(4)  Frequency  Dependence 

(C)  The  dependence  of  propagation  loss  upon  frequency  at  Site  1C 

is  illustrated  by  Figs.  IV-10  and  TV-12.  From  91  m sources  in  the  open 
channel  NE  of  Site  1C,  the  loss  at  50  Hz  is  2 to  3 dB  less  than  at  25  Hz 
or  at  158  Hz.  However,  from  the  91  e sources  in  the  high  attenuation 
region  over  the  Gibbs  Fracture  Zone,  there  is  less  loss  on  a shot-by-shot 
basis  (Fig.  TV-12)  at  158  Hz,  than  at  50  Hz  or  25  Hz;  this  is  similar  to 
the  effect  of  the  Faeroe-Iceland  Ridge  upon  the  91  n sources  which  was  seen 
at  Site  2D. 


(C)  From  the  10  m sources,  the  frequency  dependence  is  one  of 

decreasing  loss  with  increasing  frequency  over  the  open  channel  region  and 
also  over  the  high  attenuation  region  above  the  Gibbs  Fracture  Zone.  For 
example,  propagation  loss  at  50  Hz  is  3 cLD  greater  than  the  loss  at  158  Hz. 
The  change  in  the  near  surface  velocity  structure  and  loss  of  critical 
depth  which  occurs  600  nm  NE  of  Site  1C  does  cause  a change  in  the  frequency 
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(C)  dependence  of  the  18  m measurements.  Figure  IV- 12  shows  that,  beyond 
600  nm  range,  the  relative  frequency  dependence  of  propagation  loss  from 
the  l8  m sources  is  similar  to  that  of  the  91  m sources. 

c.  SURVEY  Array,  Site  3Z 

(C)  The  SURVEY  array  atop  Faeroe-Iceland  Ridge  is  located  at  Site  3Z, 

on  the  bottom,  in  42c  m of  water.  An  SVP  taken  over  Site  32  is  shown  in 
Fig.  IV- 13;  the  1V72  m/sec  velocity  at  the  bottom  is  the  minimum  velocity 
of  the  entire  area  between  Site  3Z  and  Site  1C.  Also,  recall  that  propa- 
gation loss  to  the  ACODAC  receivers  from  sources  near  Site  3Z  (detonated 
at  91  m depth)  showed  a local  minimum  due  to  slope  enhancement. 

(C)  Propagation  loss  to  Site  3Z  is  shown  in  Fig.  IV-14.  The 

propagation  loss  curves  generally  break  into  three  regions.  Northeast 
of  Site  3Z,  the  loss  increases  very  rapidly  due  to  attenuation  over  the 
shallow  channel.  Southwest  of  Site  3Z,  the  channel  deepens  until  depth 
excess  is  reached  approximately  80  nm  SW  of  the  receiver;  over  this 
interval,  propagation  loss  is  characterized  by  a combination  of  attenuation 
and  spreading.  Beyond  100  nm  SW,  the  propagation  loss  curves  resemble  those 
from  the  ACODACs  at  Sites  JV  and  1C. 

(1)  Range  Dependence 

(C)  There  is  an  open  propagation  channel  from  100  nm  to  900  nm 

SW  of  Site  3Z.  At  50  Hz  and  100  Hz,  the  loss  from  the  91  m sources 
increases  at  a cylindrical  spreading  rate  or  less;  between  450  nm  and 
900  nm  there  is  effectively  no  change  in  the  loss. 

(2)  Bottom  Effects 

(C)  Propagation  loss  from  sources  NE  of  Site  32  to  Sites  3D  and 

1C  is  high  due  to  attenuation  across  the  Faeroe-Iceland  Rise.  Figure  IV-l4 
shows  a similar  high  attenuation  in  shots  received  at  Site  32  from  nearby 
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FIGURE  IV- 13 

SOUND  VELOCITY  PROFILE  AT  SITE  3Z 
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sources  (within,  say,  ±50  nm).  The  asymmetry  of  the  bottom  depth  about 
Site  JZ  is  reflected  in  the  propagation  measurements.  The  frequency 
dependence  of  the  attenuation  is  similar  to  that  observed  at  Site  3D. 

Namely,  the  attenuation  of  energy  at  the  lower  frequencies  across  the 
shallow  water  is  greater  than  the  attenuation  at  the  higher  frequencies. 

(3)  Source  Depth  and  Frequency  Dependence 

The  source  depth  dependence  is  related  to  source  location. 
Propagation  from  sources  NE  of  Site  3Z,  across  shallow  water,  shows  no 
source  depth  dependence  at  any  of  the  frequencies  studied.  Southwest  of 
Site  3Z,  going  into  deeper  water,  the  difference  between  propagation  loss 
from  the  two  source  depths  increases  until,  near  150  nm  SW,  the  loss  is 
approximately  15  dB  greater  from  the  l8  m sources  at  100  Hz  and  l4l  Hz. 

Beyond  250  nm  the  loss  from  the  18  m sources  is  approximately  10  dB  greater 
than  the  loss  from  the  91  m sources. 

d.  MABS  II,  Site  3AA 

Event  22a  was  nonradial  to  Site  3AA;  the  range  to  the  point  of 
closest  approach  was  53  nm.  Figure  IV-15  shows  the  sound  velocity  profile 
at  Site  3AA.  The  outputs  of  the  hydrophones  shown  in  Table  IV-1  have  been 
processed.  Propagation  loss  from  the  l8  m and  91  m sources  to  the  1^54  m 
receiver  are  shown  in  Fig.  IV-16.  Figure  IV-17  presents  the  loss  from 
the  91  m source  to  the  165  m and  2155  m receivers. 

(l)  Range  Dependence 

The  open  sound  channel  extends  approximately  600  nm  to  the 
SW  and  250  nm  to  the  NE  from  Site  3AA;  propagation  loss  to  each  receiver 
is  roughly  symmetrical  about  the  CPA  (closest  point  of  approach)  of  53  nm. 
Away  from  the  CPA,  the  loss  increases  rapidly  out  to  approximately  150  nm 
range  at  frequencies  of  100  Hz  and  below;  this  effect  is  more  noticeable 
for  the  l3  m sources.  Beyond  approximately  150  nm,  the  loss  increases  by 
only  3 <±B  or  less  out  to  600  nm  to  the  SW,  where  bathymetric  effects  are  seen. 
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FIGURE  IV- 16b 

PROPAGATION  LOSS  - SITE  JAA,  EVENT  14b 
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25,  SO,  end  160  Hr 


119 

UNCLASSIFIED 


AS-76-913 

SIM 


UNCLASSIFIED 


CONFIDENTIAL 


(2)  Source  Depth  Dependence 

(C)  The  propagation  loss  from  the  l8  m source  is,  in  general, 

greater  than  the  91  m source  propagation  loss.  At  25  Hz,  the  18  m source 
exhibits  8 to  12  dB  more  loss.  The  difference  as  a function  of  frequency 
decreases  to  approximately  0 dB  as  the  frequency  increases  to  250  Hz. 

(j)  Receiver  Depth  Dependence 

(C)  All  of  the  Site  JAA  hydrophones  were  above  critical  depth; 

the  propagation  loss  was  less  to  receivers  in  the  deep  sound  channel  than 
to  the  other  receivers.  The  986  m and  the  lVjh  m receivers  shoved  propa- 
gation loss  within  0.5  dB  of  each  other.  The  greatest  difference  among 
receiver  depths  was  between  loss  to  these  deep  sound  channel  receivers 
and  the  165  m receiver  in  the  shallow  sound  channel;  the  loss  to  the  165  m 
receiver  was  up  to  3 dB  greater. 

(M  Frequency  Dependence 

(c)  Propagation  from  the  91  ni  source  to  Site  3AA  is  almost 

independent  of  frequency  for  ranges  less  than  500  to  4qo  nm,  though  the 
50  Hz  and  100  Hz  bands  have  up  to  3 dB  less  loss  than  do  the  other  bands. 
At  ranges  greater  than  1*00  no,  there  is  5 dB  less  loss  at  Hs  than  at 
2p  Hz;  propagation  loss  then  increases  above  100  Hz.  There  is  a general 
increase  of  4 dB  from  the  minimum  at  100  Hz  to  the  level  at  2>0  Hz. 


(C)  Propagation  loss  from  the  18  a source  to  Site  3AA  generally 

decreases  with  increasing  frequency;  the  exact  nature  is  range  dependent. 
Out  to  200  oa  range,  there  is  5 dB  sore  loss  at  2$  Hz  than  at  ICO  Hz; 
beyond  500  nm,  the  difference  is  10  dB. 
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(5)  Bottom  Effect 8 


Beyond  250  nm  to  the  HE  of  Site  3AA,  depth  excess  and  the 
surface  duct  are  lost  as  the  source  passes  over  the  Faeroe -Ice land  Rise. 
Slope  enhancement  from  sources  in  the  range  interval  of  250  to  300  nm 
was  observed.  At  frequencies  of  100  Ez  and  lees  there  is  a 5 to  8 dB 
decrease  in  propagation  loss  from  the  18  m source  due  to  the  slope  enhance- 
ment.; above  100  Hz  there  is  no  clear  edge  enhancement  for  the  18  m sources. 
The  effect  upon  the  propagation  from  the  91  m sources  amounts  to  only 
1 or  2 dB  at  25  Ez  and  50  Hz. 

Beyond  the  region  of  slope  enhancement,  propagation  loss 
increased  approximately  10  dB  over  a 30  nm  range. 

The  source  crosses  over  the  Gibbs  Fracture  Zone  at  a range 
of  575  nm.  Near  this  range,  the  l8  m source  is  not  detected  for  30  to 
bO  nm;  at  approximately  6l0  nm,  the  l8  m source  is  again  detected.  The 
loss  from  the  l8  m source  after  the  recovery  is  approximately  1 dB  greater 
than  before  the  loss  of  the  signal.  Within  the  range  interval  of  585  nm 
to  625  nm  the  loss  from  the  91  m source  shows  a 3 to  5 dB  increase;  then 
at  a range  of  approximately  655  nm,  loss  from  the  91  m source  is  approxi- 
mately 2 to  3 dB  greater  than  it  was  before  the  zone. 

e.  Comparison  of  Propagation  to  Sites  3D  and  1C 

Figure  IV-2  shows  a definite  change  in  the  sound  velocity 
structure  between  Sites  3D  and  1C,  as  is  reflected  in  a slight  difference 
between  propagation  to  the  two  sites  from  sources  located  between  them. 

The  range  dependence  was  described  in  the  discussion  of  each  site.  Average 
values  of  propagation  loss  over  range  intervals  of  200  to  300  nm  and  400 
to  500  nm  from  each  site  are  presented  in  Table  IV-2.  Sources  in  the  closer 
interval  are  approximately  midway  between  Sites  1C  and  3B  while  those  in 
the  farther  interval  are  approximately  over  the  opposite  site.  At  the 
200  to  300  r>m  range,  only  the  shallowest  receivers  in  the  158  Hz  band  show 
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(C)  TABLE  IV-2 

COMPARISON  OF  PROPAGATION  LOSS  TO  ACODACS  AT  SITES  3D  AND  1C 
DURING  EVENT  22a,  200  TO  300  nm  FROM  RECEIVERS  (u) 


(A)  200  to  300  run  Range 

23  Hz  30  Hz  138  Hz 


91  m Sources 

1C,  606  m 

98  dB 

96  dB 

97 

3D,  4o6  m 

- 

98 

100 

1C,  890  m 

100 

99 

101 

3D,  1078  m 

100 

99 

101 

1C,  i960  m 

102 

102 

105 

3D,  1812  m 

101 

101 

104 

l8  m Sources 

1C,  606  m 

111 

108 

103 

3D,  4o6  m 

- 

- 

- 

1C,  890  m 

112 

108 

104 

3D,  1078  m 

113 

104 

105 

1C,  i960  m 

113 

108 

106 

3D,  1812  m 

112 

110 

104 

400  to  500  nm  Range 

91  m Sources 

1C,  606  xn 

102 

100 

102 

3D,  4o6  m 

- 

99 

102 

1C,  890  m 

102 

100 

103 

3D,  1078  m 

100 

99 

103 

1C,  i960  m 

105 

104 

107 

3D,  1812  m 

102 

102 

105 

l8  m Sources 

1C,  606  m 

ll4 

112 

108 

3D,  4o6  m 

- 

- 

- 

1C,  890  m 

116 

112 

108 

3D,  1078  m 

ll4 

110 

107 

1C,  i960  D 

117 

ll4 

111 

3D,  1812  m 

114 

112 

101 
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(C)  as  much  as  3 dB  difference  between  sites.  At  the  400  run  to  500  nm  range, 
the  loss  from  the  91  m sources  is  2 to  5 dB  greater  to  Site  1C  than  to 
Site  3D  on  the  middle  and  deepest  receivers.  This  larger  difference  for 
the  deeper  receivers  may  be  partially  due  to  the  fact  that  the  i960  m 
hydrophone  at  Site  1C  is  100  m below  critical  depth  while  the  1812  m 
hydrophone  at  Site  3D  is  100  m above  critical  depth. 

f.  Comparison  of  Propagation  to  Sites  3D  and  3Z 

(C)  At  Sites  30  and  3Z,  propagation  from  sources  at  long  ranges 

(greater  than  200  nm,  say)  is  characterized  by  little  dependence  upon 
range  at  100  Hz  and  below.  Propagation  to  Sites  3D  and  3Z  from  sources 
approximately  over  Site  1C  is  compared  in  Table  IV-3*  For  the  column  .. 
headed  150  Hz,  158  Hz  is  used  at  Site  3D  and  1^1  Hz  at  Site  3Z.  The  range 
to  Site  3D  is  approximately  ^50  nm  and  to  Site  3Z,  approximately  700  nm. 

As  may  be  seen,  propagation  from  the  91  ® sources  to  the  one  receiver  at 
Site  3Z  is  equivalent  to  or  better  than  propagation  to  the  two  receivers 
chosen  for  comparison  at  Site  3D;  in  contrast,  propagation  from  the  l8  m 
sources  is  better  to  Site  3D  than  to  Site  3Z. 
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TABLE  IV-3 

COMPARISON  OF  PROPAGATION  LOSS  TO  ACODAC  AT  SITE  3D 
AND  SURVEY  ARRAY  AT  SITE  JZ  DURING  EVENT  22a 
SOURCES  OVER  SITE  1C  (U) 


91  m Sources 

2p  Hz 

50  Hz 

100  Hz 

150  Hz 

3D,  1078  m 

100 

99 

100 

103 

3Z  (bottom) 

- 

98 

100 

102 

3D,  1812  m 

101 

102 

103 

105 

l8  m Sources 


3D,  1078  m 

nk 

110 

109 

107 

3Z  (bottom) 

- 

- 

111 

113 

3D,  1812  m 

Ilk 

112 

no 

107 
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V.  COMPARISON  OF  REGIONS 
1.  Comparison  of  Phase  I and  Phase  III,  Site  IC 

ACODAC  systems  were  located  at  Site  1C  during  Event  2a  of  Phase  I 
and  Event  22a  of  Phase  III;  Event  2a  is  a SUS  run  along  the  axis  of  the 
West  European  Basin  (Fig.  II-l)  and  Event  22a  is  along  the  Icelandic 
Basin  (Fig.  IV-l).  The  relative  propagation  loss  from  sources  in  the  two 
basins  to  Site  1C  depends  upon  source  depth,  receiver  depth,  and  frequency. 
Whenever  significant  differences  in  the  loss  from  equivalent  ranges  were 
observed,  there  was  greater  loss  from  the  Icelandic  Basin. 

Table  V-l  compares  range  averaged  values  of  propagation  loss  to 
receivers  near  the  sound  channel  axis  (712  m for  Phase  I,  6o6  m for 
Phase  III)  and  near  critical  depth  (l444  m for  Phase  I,  i960  m for 
Phase  III)  for  two  range  intervals.  There  is  an  open  channel  for  propa- 
gation to  Site  1C  from  sources  in  all  four  source  locations.  To  receivers 
at  the  axis  at  Site  1C,  the  mean  loss  from  the  91  m sources  in  both  basins 
is  almost  identical.  However,  to  the  deeper  receivers,  the  loss  from 
91  m sources  is  nominally  2 dB  greater  for  sources  in  the  Icelandic  Basin 
(Event  22a).  These  comparisons  were  noted  for  both  range  intervals. 

For  the  18  m sources  the  comparison  seems  to  depend  upon  the  range 
interval.  In  the  300  to  400  nm  interval,  uhe  loss  from  the  l8  m sources 
to  hydrophones  at  the  axis  are  the  same  from  both  directions.  To  the 
deeper  hydrophones,  there  is  approximately  2 dB  more  loss  from  sources  in 
the  Icelandic  Basin.  In  the  500  to  600  nm  interval,  the  loss  from  18  m 
sources  in  Event  22a  is  greater  for  both  receiver  depths. 
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2.  Comparison  of  Phase  I and  Phase  II,  Site  2C 

There  were  ACODAC  systems  at  Site  2C  during  Event  2a  of  Phase  I and 
Event  l4b  of  Phase  II.  Event  2a  was  along  the  major  axis  of  the  West 
European  Basin  (Fig.  II-l).  In  the  range  interval  of  200  to  300  nm  west 
of  Site  2C  the  sound  speed  profile  changed  from  one  with  a double  minimum 
to  one  with  a single  minimum.  There  was  a depth  excess  along  the  entire 
source  track.  Event  l4b  was  down  the  Rockall  Trough  (Fig.  III-l).  The 
sound  speed  profiles  along  thi,-;  source  track  were  characterized  by  a 
double  minimum.  At  a range  of  approximately  200  nm  NE  of  Site  2C  there 
was  a loss  of  depth  excess  for  a short  range  interval  (Fig.  III-2) . 

Table  V-2  presents  raiige  averaged  propagation  loss  for  selected 
receivers  at  Site  2C  for  Events  2a  and  lhb.  For  both  range  intervals* 
the  91  m source  propagation  loss  was  1 to  2 cffi  more  from  the  West  European 
Basin  than  from  the  Rockall  Trough.  From  the  l8  m sources  at  low  fre- 
quencies (25  Hz  and  50  Hz)*  there  was  as  much  as  3 dB  more  loss  to  the 
SW  (Event  2e.)  than  to  the  NE  (Event  l4b) . At  the  higher  frequencies  for 
the  18  m source,  however,  there  was  1 to  2 dB  more  loss  from  the  NE  than 
from  the  SW.  This  behavi  r for  the  l8  m sources  is  due  to  the  fact  that 
the  Lloyd's  Mirror  effect  was  prominent  during  Event  2a,  but  was  much 
less  rigr.if leant  during  Event  l4b. 
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Norfolk,  VA  23>11 

Chief  of  Naval  Research 
Department  of  the  Navy 
Arlington,  VA  22217 
Attn:  Chief 

Dr.  J.  B.  Hersey 
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Commanding  Officer 
Naval  Research  Laboratory 
Washington,  DC  20375 
Attn:  Commanding  Officer 

Code  8100 
Code  8160 
Code  2627 

Oceanographer  of  the  Navy 
Hoffman  Building  II 
200  Stovall  Street 
Alexandria,  VA  22332 
Attn:  CDR  E.  T.  Young 

Commander 

Naval  Air  Systems  Command 
Department  of  the  Navy 
Washington,  DC  20360 
Attn:  Code  FMA-261 

Commander 

Naval  Electronic  Systems  Command 
Department  of  the  Navy 
Washington,  DC  20360 
Attn:  PME-121,  121/50,  121/10,  121/60 
ELEX-320 
ELEX-035 

Commander 

Naval  Sea  Systems  Command 
Department  of  the  Navy 
Washington,  DC  20362 
Attn:  Commander 

SEA-06H1 

Strategic  Systems  Project  Office 
Department  of  the  Navy 
Washington,  DC  20360 
Attn:  Bi-1 

Antisubmarine  Warfare  Systems  Project  Office 
Department  of  the  Navy 
Washington,  DC  20360 
Attn:  R4-1 

Commanding  Officer 
Fleet  Numerical  Weather  Central 
Monterey,  CA  93910 
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Commander 

Naval  Ocean  Systems  Center 
San  Diego,  CA  92-432 
Attn:  Commander 

M.  R.  Akers, 

Dr.  R.  A.  Wagstaff 
Dr.  E.  B.  Tunstall 
Dr.  R.  R.  Gardner 

Commander 

Naval  Surface  Weapons  Center 
White  Oedc  Laboratory 
Silver  Spring,  MD  20910 

Commander 

New  London  Laboratory 
Naval  Underwater  Systems  Center 
New  London,  CT  06320 
Attn:  Commander 

R.  L.  Martin 

Commander 

Naval  Oceanographic  Office 
Department  of  the  Navy 
Washington,  DC  20373 
Attn:  Commander 

J.  L.  Kerling 

Commanding  Officer 

Naval  Intelligence  Support  Center 

4301  Suitland  Rd. 

Washington,  DC  20390 

Direct'-'  c for  Naval  Matters 
Cent*’  for  Naval  Analysis 
* Ungton,  VA  22209 
Attn:  Director 

C.  E.  Woods 

Commanding  Officer 

Naval  Ocean  Research  and  Development  Activity 
NSTL  Station,  MS  39529 
Attu:  Commanding  Officer 

Code  110 
Code  200 
Cede  300 
Code  320 
Code  340 
Code  400 
Code  500 

Code  600  __ 
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NORM  Liaison  Office 
Office  of  Naval  Research 
Arlington,  VA  2221? 

Attn:  K.  W.  Lackie 

Defense  Advanced  Research  Projects  Agency 
l^JO  Wilson  Boulevard 
Arlington,  VA  22209 
Attn:  CAPT  H.  Cox 

ARPA  Research  Center 
Unit  1,  Bldg.  301A 
NAS  Moffett  Field,  CA  94035 
Attn:  E.  L.  £5nith 

Superintendent 

Naval  Postgraduate  School 

Monterey,  CA  939^0 

Commanding  Officer  and  Director 
Defense  Documentation  Center 
Defense  Services  Administration 
Cameron  Station,  Building  5 
5010  Duke  Street 
Alexandria,  VA  22314 

Analysis  A Technology,  Inc. 

Technology  Park,  P.0.  Box  220 
North  Stonington,  CT  06359 
Attn : S . Elam 

Applied  Physics  Laboratory 
The  Johns  Hopkins  University 
Johns  Hopkins  Road 
Laurel,  MD  20810 
Attn:  Dr.  G.  L.  Smith 


Apr-lied  Physics  laboratory 
The  University  of  Washington 
1013  NE.  Fortieth  Street 
Seattle,  WA  9§195 

Arthur  D.  Little,  Inc. 

Acorn  Para 

Cambridge,  HA  0£l40 
Attn:  W.  G.  Sykes 

Dr.  u.  R.  Ralsheck 
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Bolt,  Beranek,  and  Newman,  Inc. 

1701  N.  Fort  f-tyer  Drive 
Arlington,  VA  22209 

Bell  Telephone  Laboratories 
2 Wliippany  Road 
Whippany,  NJ  07981 

B-K  Dynamics,  Inc. 

15825  Shady  Grove  Road 
Rockville,  MD  20850 
Attn:  P.  G.  Bernard 

Daniel  Analytical  Services  Corp. 

16821  Buccaneer  Lane,  Suite  202 
Houston,  TX  77058 

Daniel  H.  Wagner  Associates,  Inc. 

Station  Square  One 
Paoli,  PA  19301 

Daubin  Systems  Corporation 
104  Crandon  Blvd. 

Key  Biscayne,  FL  33-49 

General  Electric  Corporation 
P.0.  Box  4840 
Syracuse,  NY  13221 
Attn:  K,  D.  Greenhalgh 

General  Electric  Corporation 
RESD 

3198  Chestnut  Street 
P.0.  Box  7722 
Philadelphia,  PA  19101 
Attn:  0.  Klima 

Lockheed  Missiles  and  Space  Company,  Inc. 
P.0,  Box  504 
Sunnyvale,  CA  94088 
Attn:  R.  C.  Parsons 

Security  Office  Q-017 

University  of  California  - San  Diego 

La.  Jolla,  CA  92093 

Attn:  V.  C.  Anderson 

Scripps  Inst,  of  Oceanography 
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ORI,  Inc. 

1400  Spring  Street 
Silver  -Spring,  MD  20910 
Attn:  Dr.  J.  I.  Bowen 

82 

Planning  Systems,  Inc. 
7900  Westpark  Drive 
McLean,  VA  22101 
Attn:  Dr.  L.  P.  Solomon 

83 

Raytheon  Company 
Submarine  Signal  Division 
P.0.  Box  360 
Portsmouth,  RI  02871 
Attn:  Dr.  B.  A.  Becken 

84 

Science  Applications,  Inc. 
8400  Westpark  Drive 
McLean,  VA  22101 
Attn:  Dr.  J.  S.  Hanna 

85 

Summit  Research  Corporation 
1 West  Deer  Park  Drive 
Gaithersburg,  MD  20760 

86 

Sutron  Corporation 
Suite  700 

192p  N.  Lynn  Street 
Arlington,  VA  22209 
Attn:  C.  H.  Dabney 

87 

Tetra-Tech,  Inc. 

1911  N.  Ft.  Meyer  Drive 
Arlington,  VA  22209 
Attn:  W.  E.  Sims 

88 

Texas  Instruments,  Inc, 
P.0.  Box  5474 
Dallas,  TX  75222 
Attn:  A.  Kirst,  Jr. 

69 

Tracor,  Inc . 

1601  Research  Blvd. 
Rockville,  MD  20850 
Attn:  J.  T.  Gottvald 
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98 

99 
100 
101 
102 
103 
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116 


TRW,  Inc. 

TRW  Defense  8s  Space  Systems  Group 
Washington  Operation 
7600  Colshire  Drive 
McLean,  VA  22101 
Attn;  R.  T.  Brown 
I.  B.  Gereben 

Undersea  Research  Corporation 
7777  Leesburg  Pike,  Suite  306 
Falls  Church,  VA  22043 
Attn*.  V.  F.  Anderson 

Underwater  Systems,  Inc. 

World  Building 
8121  Georgia  Avenue 
Silver  Spring,  MD  20910 
Attn;  Dr.  M.  S.  Weinstein 

Western  Electric  Company 
P.0.  Box  20046 
Greensboro,  NC  27420 

Woods  Hole  Oceanographic  Institution 
Woods  Hole,  MA  02543 
Attn:  E.  F..  Hays 

Xonics,  Inc. 

6849  Hayvenhurst  Avenue 
Van  Nuys,  CA  9l4o6 
Attn:  S.  Kulek 

Glen  E.  Ellis,  ARL:UT 

Loyd  D.  Hampton,  ARL:UT 

Kenneth  E,  Hawker,  ARL:UT 

Stephen  K.  Mitchell,  ARL:UT 

Jack  A.  Shooter,  ARL;UT 

Ruben  H.  Wallace,  ARL:UT 

Steven  L.  Watkins,  ARL:UT 

Library,  ARL:UT 

Reserve,  ARL:UT 
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DEPARTMENT  OF  THE  NAVY 

OFFICE  OF  NAVAL  RESEARCH 
875  NORTH  RANDOLPH  STREET 
SUITE  1425 

ARLINGTON  VA  22203-1995 

IN  REPLY  REFER  TO: 


5510/1 

Ser  32 1OA/0 11/06 
31  Jan  06 


MEMORANDUM  FOR  DISTRIBUTION  LIST 

Subj : DECLASSIFICATION  OF  LONG  RANGE  ACOUSTIC  PROPAGATION  PROJECT 
(LRAPP)  DOCUMENTS 

Ref:  (a)  SECNAVINST  5510.36 

Enel:  (1)  List  of  DECLASSIFIED  LRAPP  Documents 

1 . In  accordance  with  reference  (a),  a declassification  review  has  been  conducted  on  a 
number  of  classified  LRAPP  documents. 

2.  The  LRAPP  documents  listed  in  enclosure  (1)  have  been  downgraded  to 
UNCLASSIFIED  and  have  been  approved  for  public  release.  These  documents  should 
be  remarked  as  follows: 

Classification  changed  to  UNCLASSIFIED  by  authority  of  the  Chief  of  Naval 
Operations  (N772)  letter  N772A/6U875630,  20  January  2006. 

DISTRIBUTION  STATEMENT  A:  Approved  for  Public  Release;  Distribution  is 
unlimited. 

3.  Questions  may  be  directed  to  the  undersigned  on  (703)  696-4619,  DSN  426-4619. 


BRIAN  LINK 
By  direction 


Subj : DECLASSIFICATION  OF  LONG  RANGE  ACOUSTIC  PROPAGATION  PROJECT 
(LRAPP)  DOCUMENTS 

DISTRIBUTION  LIST: 

NAVOCEANO  (Code  N121LC  - Jaime  Ratliff) 

NRL  Washington  (Code  5596.3  - Mary  Templeman) 

PEO  LMW  Det  San  Diego  (PMS  181) 

DTIC-OCQ  (Larry  Downing) 

ARL,  U of  Texas 

Blue  Sea  Corporation  (Dr.Roy  Gaul) 

ONR  32B  (CAPT  Paul  Stewart) 

ONR  3210A  (Dr.  Ellen  Livingston) 

APL,  U of  Washington 

APL,  Johns  Hopkins  University 

ARL,  Penn  State  University 

MPL  of  Scripps  Institution  of  Oceanography 

WHOI 

NAVSEA 

NAVAIR 

NUWC 

SAIC 


Declassified  LRAPP  Documents 


